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TO THE EEADEE. 

' HAYiNe been requested bj an artist wbo has given to tha 
w<»rld a series of magnificent views of the wonderful stmo- 
tnre, to prepare an article on the Victoria Bridge, and the 
^ men who built it, the writer has endeavoured to comjdy 
) with those widies to the extent of his ability, but at die 
^ same time conscious of his inability to do the subject ju*- 
' tice, from the great difficulty in furnishing a written de- 
scription of intricate machinery and mechanical operations, 
without the aid of diagrams and profesuonal phraseology, 
—or, in other words, to draw pietures of the woric for the 
k mind's eye to dweU upon, in language readily understood 
by the general reader. 

This difficulty will be appreciated by his professional 
brethren, and must serve as an excuse for the general 
views ^ven of the mode in which the works were carried 
on. The apdic^ will readily be accepted when they are 
informed of an elaborate wcnrk on the subject shortly to be 
issued from a &r abler pen ; and, with this pleasing pros- 
pect, it is hoped that they will regard the following pro- 
duction with a kinldy eye, as the first efibrt of a younger 
brother. 

To the critical reader and the public, the writer can 
only say, that he appears before them with all the nervous 
trepidation of a very bashful young man, anxious to please 
if possible, but frightened at his own temerity in venturing 
into this prominent and noble field of view. 

A word or two may be necessary in explanation of the 
opening chapter of the work. It wUl be admitted by all, 
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that, in drawing a sketch of the men who built the Vio- 
toria Bridge, the for^ronnd of the picture should be 
occupied by the illustrious Stsphsnson; but in at- 
tempting to consider the author of the tubular system, 
the mind instinctively reverts to the &ther, whose achieve- 
ments rendered necessary the great Britannia and Victoria 
Bridges, — structures which would be without existence, 
had it not been for the undaunted energy, genius, and de- 
termination of character possessed by the once poor and 
ignorant collier lad, — ^the two great developments being 
mutually dependent on, and necessary to each other. Fol- 
lowing this idea, a sketch of the country which required 
and obtained both, to their fullest extent, has been given. 
Numerous authorities have been consulted and made use 
of throughout the entire work. 

The late unhappy discussions as to the amount of credit 
due different Engineers for the projection and successful 
carrying out of this wonder of the age, led to a thorough 
examination into the various plans and reports brought 
forward by these gentlemen at different periods, and it is 
hoped that the impartial verdict of the reader will render 
justice to all. With the oil thus thrown upon the troubled 
waters, may they imitate that perfect self-abnegation which 
characteriaed the writings and public speeches of George 
and Robert Stephenson, when dwelling on their own works • 
resting confident^ that as the Victoria Bridge was not 
accomplished by one man, to no one will all the praise be 
awarded by a discerning public, but each receive his meed 
of credit according to the degree entitled. 

If this result will to any extent be brought about by a 
perusal of the following pages, the writing of them will not 
have been in vain. 

Montreal, April, 1860. 



CHAPTER I. 

THl STIPHZNSONS. 

Thb nineteenth oentory of the Christian Era dawned 
npon the world with the star of Napoleon in the asoendant, 
The deyaatationB which marked the pathway of " the man 
of destiny/' had spread over the fairest portions of the 
oiyilized world, with the exception of those inhabited by 
the Anglo-Saxon race ; and even there, the paralysing in- 
fluences of war were felt. The arts, mannfaotores, and 
commerce had receiTcd blows from which they did not 
recover for years. The reaping-hook and the weaving^ 
loom were exchanged for the sword and the bayonet. The 
** nation of shopkeepers " were, almost to a man, banded to- 
gether with the stem resolve to hori back the invader, and 
stem the torrent of conqneet, pillage, and blood, which so 
nearly bronght the hnman race nnder the iron heel of this 
despot ; and when Providence at last smiled on the heroic 
efforts of those brave islanders, permitting them to bind the 
tyrant, Promethens-like, to the rock in the ocean, they were 
enabled to start again in the race of hnman progress, and 
resolutely embarked in those schemes and enterprises which 
have resulted so largely in the welfare and happiness of 
man. 

But while emperors, kings, and generals were dividing 
the world, as it were, among them, and sacrificing myriads 
to their insatiable lust of dominion and power, doing deeds, 
for the perpetuation of their names and dynasties, which 
caused humanity to weep, little did they think that the 
9th day of June, 1781, had ushered into the world an 
infant, before the splendour of whose subsequent achieve- 
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meats their brightest deeds wonld pale, and wbose nBme 
wonld be embalmed in the hearts of millions, agee after 
their memories and crimes had faded fVom the historio 
page. Little did the people of Britain imagioe, that the 
four bare walls and olaj floor of a miserable hovel, io an 
obscure ooltier; village in the North of England, contained 
ft cliild whose future vis to be so closely allied with the 
empire's wsl&re and glory, and by the force of whoae gMioj 
wba was aflerwarde to be indebted for the foremost place 
in the mardi of civilit&tdon and wealth. Little did Mabel, 
As mother of George St^benson, think, as she held her 
kalf-Btarred i^d to her bosom, and endeavoTired to stiU 
his oriei with the miserable pittance their soanty means 
afforded, that he would In torn give food and proaperi^ 
to nations, and stand foremost ae one of the greatest human 
benefaotoiH the World ever prodnoed. 

We see him svbseqiiKitly advancing through the period 
of childhood and boyhood ap to ^ age of eighteen, at 
iriitbh timo be was unable to read or write his own name. 
Bo severe bad been ttw straggle for mere existence, that 
the Btnation of herd-boy to a poor widow was eagerly 
petitioned for, and the s^ary of two-pence per di«n thon^t 
hutdsome remuneration. To be stalioDery in li& was not 
in accordance witb the boy's feelings, and he soon found 
promotion to the reeponsiUe pouUon of guiding the plough- 
horse end officiating as general asustant oo the neighbour- 
ii^ farms, in hoeing turnips, and in performing other 
light Sxii work, for which he received the munificent sum 
of four-penoe a day. Strongly impressed, however, that 
emidoyment in this rural field of labour, honorable and 
nsefol as it undoubtedly was, did not ofier the proper scops 
for hia longing mind, we next find the ambitious boy at 
work wiUi his &ther and brothers in the colliery, and ra> 
pdly rinng fiom nx-penoe, ughtpenoa, a shilling, aod at 
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last, as fireman on hia own account, to two ahillinga per 
day ; and hear him, on the receipt of the first week's pay 
<^ twelve shillings, giving utterance to the joyous exdam*- 
tion, " I am now a made man for Ufe 1" This extaordi* 
nary piece of good luck, instead of causing him to rest on 
his laur^ apparently exercised the contrary effect, proving 
but a stimulant to increased erations, and resulted in the 
expenditure of three-pence a wedL as tuition-fees, to Bobert 
Cowens, far the privilege of being initiated into the mys- 
teries of the English alphabet and the construction of 
*^ pot-hooks." To the reflective mind, what an interesting 
nght is this, of a strong healthy lad, destined in ft few 
years to revolutionise the commerce of the world, striving^ 
by the dim light of a coal fire, after the severe labours ci 
the day, when his companions were either seeking repose 
or engaging in such amusements as their condition in life 
afforded, to see him, under almost insuperable difiicultieSi 
labouring so earnestly in the acquisition of the most rudi- 
mentary leamiDg, that he might be able to become more 
thoroughly acquainted with the construction and working 
of the steam-engine, and proud, at the age of nineteen, to 
write his own name. 

The thirst fer knowledge in a case like this, was not 
easily assuaged, and we are not therefore surprised to learn, 
that, during the next winter, the services of Andrew Eo- 
bertson, a '' Scotch dominie," and probably more advanced 
in ^e walks of learning than his' predecessor, Cowens, were 
put in requisition, and under his supervision young Ste- 
phenson mastered the intricacies of common arithmetic. 

This small stock of learning was increased by practice 
and as fast as opportunity would permit. Having quali- 
fied himself for the place of brakesman, he was employed 
in that capacity in a colliery till 1812, when he was thirty- 
one years of age, never receiving wages higher than about 



8 A OLANOB AT TEE 

one pound per week. His earningB wen inoreased, bow- 
era, by mending Bboee for his Mow-workmen itnd b; 
deanii^ docks. No mean motive prompted tlie extra effort 
to increase his income : he had formed an attachment for 
a respectable yoang woman, named Fanny HendeiBon, s 
person of ezoettent character, to whom he was united abont 
the year 1802. It is related of the fhtnre great engineer, 
that, during the halcyon daya of oonrtebip, he had the pri- 
TiIegG of exhibiting hia meohanioal ability in re-eoling fair 
Fanny'a eboes, and, lorer-like, carrying them abont in his 
pocket on the Sunday afternoon, palling them ont oooar 
iionaDy and gadng ezoltingly on the capital job he bad 
made. Ont of bis first cobbled earningB he Bared a guinea, 
and told a friend " he was now a rich man." 

Well does America's meet eloquent statesman''' remark: 
*' He said truly, he was rich in his joyous spirit and reso- 
hite will, rich in his iDdustrioos and temperate habits, 
and ri<di in his love for a TirtnooB yonng woman, worthy 
even of him." 

Bnt this hapfHnesa wbb of brief duration : two short 
years saw those heantifol bine ^es dosed in death, leaving 
to the sorrowing boy-widower, and the world, a preeions 
legacy in the in&nt Robert St«pbensoa. Tbe wile's great 
mission in li& bad been aooomplished. It was not for 
her to tread its ro^ed paths in company with the noble- 
beorted husband, to cheer and aid him in bis troubled 
momente and exalt in his snooeBs. Here was not tbe task 
of tnuning up tbe yoathfol Robert to follow in his father's 
footsteps, and eventaally to see him as iUnstrions. Bnt 
ooald her pnre ^tirit have looked down from its home on 
high, it woald have witnessed that love still unchanged, 
and her vacant place for seventeen long years anoooapled. 

■ Hon. Edward Everett. 
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It would hxn seen ber beloved boj the admiration of the 
world, ftnd, on the oompletion of his last and greatest 
earthly work, entombed amongst England's mighty dead; 
mourned over by all, from the Queen on the throne to tbe 
bnmbleet artiian in the land. 

We have thus seen Qeorge Stephenson at the commence- 
ment of his career deprived of hia loved companion, and, 
with a helpless infant and a blind &tbcr, left to pursne his 
joaroey alone. Bat " Onward " was bis motto, and when 
in after years he emei^ed from the depths of the coal mines, 
to the upper world, it was with a mind matured and eqoal 
to the position he was then to aasume. At this time he 
was in rec^pt of £100 a year, a sum sufficiently Ui^ to 
admit of Robert, now a lad eleven years of age, being sent 
to a good academy, where he reaped advantages to which 
George had been a stranger. On Satnrday afternoon he 
visited his ikther, bringing scientific books f^m a circu- 
lating library to wbieb he had subecribed, and for a num- 
ber of years became a joint student with him; the father 
not disdaining to learn &om a boy, and the son bapj^ in 
lutving the priviUgo of gleaning from a man. 

While thas employed in self instmction, he was also 
engaged in solving the important problem of railway loco- 
motion, and rapidly acquiring experience in that depart- 
ment, whieh soon made him the first engineer of the age. 
Straggling genius in this case, aa in that of his predecessor 
Watt, found a friend in a British nobleman, Lord Ravens- 
worth, to whom all praise is due for furnishing means by 
which he was enabled, in the year 181-1, to inaugurate the 
Btdlway system, by startiog the " Bluober Kngine" up n 
gtade of 1 in 450, drawing a load of thirty tons at the rate 
of four miles an hour. This engine waq soon followed by 
an improved editlcm, bearing the euphonious name of 
" Puffing Billy," and justly regarded m oontaining the 
a2 
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germ of all that was subsequently effected. From this 
period up to the year 1825, we find him vigorously prose- 
cuting his improvements, in which he received valuable 
assistance from his son (who had returned from Edinburgh 
University) in all the elaborate calculations required. Rich 
indeed was the recompense he now received for all the 
oare shewn and sacrifices made in the education of Robert, 
who, at this most important period of his father's life, 
wielded his powerful pen in bringing his vigorous and 
well-cultivated intellect to bear on the advocacy and deve- 
lopment of the great experiment now about to be made by 
bis revered parent. 

What may well be termed the crowning and successful 
achievement of George Stephenson's life took place on the 
27th day of September, 1825. On that day the first pas- 
senger-train in the world was driven by him, over the 
Stockton and Darlington Railway. Other works of greater 
magnitude afterwards emanated from him, but none that 
can for all time be viewed with the same interest. 

And now commenced a movement in Britain and on the 
continents such as the world never before witnessed. Ri- 
vers were spanned, deserts crossed, impassable marshes 
bridged, valleys filled, and mountains levelled. The slum- 
bers of eighteen centuries were dispelled, and an energy 
infused into the commercial community which a few years 
before would have seemed Utopian. The spirit of the 
Stephensons apparently animated kings, princes, and nar 
tions ; and where before the footsteps of conquerors left 
desolation and misery, the shrill whistle of the locomotive 
brought back life and animation. From the country of 
the Pharaohs, the Ind, the land of the cocoa and the 
palm, from the wilds of America, or following the course 
of the sun and the drum-beat, westward till it ro-echoed 
from the east, was heard that same piercing sound, carrying 
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civilization ancbliberty in its train, and in doqnent laa- 
goage telling all nations and tribes the story of the collier 
lad's success. It would under other circumstances be a 
pleasing and instructive duty to dwell upon the early 
struggles and subsequent success of Oeorge Stephenson, 
but enough has been said to draw attention to how great 
were the first, and complete the last, to point him out as 
a bright beacon to young mechanics and others, now 
entering on the arena of active life, as well as to those who 
have experienced its hardships and crosses, teaching them 
that no matter how severe may be the discouragementa 
under which they labour, they were far surpassed by those 
which attended up to middle age the father of railways ; 
and, though they may not reach the goal he did, yet, with 
the same indomitable perseverance united with honesty of 
purpose and thirst for knowledge, the difficulties will vanish 
and honorable position be attained. The name of his illus- 
trious son, though not so immediately connected with the 
motive power of Railways, yet in other fields bears, if pos- 
sible, a still brighter lustre ftt>m the extraordinary difficul- 
ties he surmounted in developing the railway system of 
the world. The impetus given by the elder Stephenson, 
was augmented by the son. New principles of constmo- 
tion were discovered, and adapted to the requirements of 
the age. Mountains were perforated and bridges of fabu- 
lous spans thrown across mighty rivers for the accommo- 
dation of traffic, without a parallel. No space of time 
such as the ancients occupied in their works, was allowed, 
but, with the principles of construction grasped intuitively, 
the mighty structures, Aladdin-like, sprang into existenco, 
' A relative comparison of the genius and works of those 
two illustrious men, is a difficult thing to arrive at, from 
the circumstance of their labours being to a certain extent 
of a joint character. Thus the father, after having fi)ught 
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iheloMmotiTe \Mt]e for nearly twenty yean, nngla handed, 
against ibe oombined soientifio and oommeivial world, who 
were of opinion that this wild scheme (Originated in the 
diaeaaed brain of a '^ Northumbrian maniac/' when after 
having, by the foroe of hid indomitable will and persistent 
earnestness not less than by powerful arguments, induced 
the Birecton of the Liverpool and Manchester Railway to 
offer a prise of £500 for the best Locomotive Engine, which 
by a certain day diould be produced cm the railway, and 
perform certain specified eonditions in the most satisEsictory 
manner, now saw himself in a position to carry out the 
daydream of his life, and, knowing that success must be 
now or never, determined to call to his assistance a fast 
friend and helper, to stand by and aid in developing his 
plans for the locomotive railway system, and, foeling that 
every dependenoe could be placed on the matured judg- 
ment and scientific ability of his son Robert, he oonse- 
qoently uiged him to return from South America, which 
lie did, and joined his fother in England during the latter 
part of the year 1827. A gentleman yet living remembers 
the vivid interest of the evening discussions which then 
took place between &ther and son as to the best mode of 
increaslBg the powers and perfecting the mechanism of the 
locomotive. He wondered at their quick perception and 
rapid judgment on eadi other's suggestions, at t^e mecha- 
nical difficulties whidi they anticipated, and at once pro- 
vided for in the practical arrangements of the machine, 
and qpeaks of tiiese evenings as affording most interestii^ 
displays of two actively ingenious and able minds, stimu- 
lating each other to feats of mechanical invention, by which 
it was ordained that the locomotive engine should become 
what it now is. The son also found abundant occupation 
with his pen, in answering the arguments of the learned 
tad mentifio: << That a speed of six miles an hour was a 
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idiyBuul impoeaibility ; that there were Btrong inobabilitiM 
of the engine UowiDg up ftt any moment; that the cow* 
ID tho ne^hbonring fields woold oeaM giving mOk from 
the severe shocks their nervous ajateniB would mst^n 
horn the passago of these hideous monsters ; that the birda 
of the air, in flying over the line of railway, wonld au&r 
eoUapee and die ; then the breed of bones wonld be de- 
stroyed, oonutry inn-keepwa ruined, posting towns depopu- 
lated, the turnpike roads deserted, and oonsequently tiw 
institution of the English stage-coaoh, with its rosy eoaohr 
man and guard, known to every buxom landlady at road- 
side oonntiy inns, would be discarded, fox-covers and game 
preserves wonld be interfered wiUi, agricultural commo- 
BioatioDB interrupted, and land thrown out of oultivation, 
with owners and farmers alike roduoed to beggary ; the 
poor rates increased in oonsequenoe of the number of 1»- 
bourers out of employment ; and lastly, tbe danger of 
women misoanying from the sudden shriek of the locomo- 
tive." A peouliarity belooging to- these argoments wa8 
they generally wound up with the consoling reflection that 
railways wonld prove only monuments of the foUy of their 
«raiy projectors, whom they must inevitably involve in 
rnin and disaster. Many wise doctors, amongst whom 
was Sir Anthony Carlisle, inaist«d that tunnels wonld ex- 
pose healthy people to oolds, catarrhs, and oonsumptjon ; 
and, in the rery laudable desire of guarding the public 
against such maladies, they painted in all their horrors the 
noise, darkness, and danger of this mode of travelling. 

The most serious and original feature was the destruo- 
tion of the atmospheric air, as pourtrayed by the celebrated 
Dr. Laidner. This gentleman went into elaborate oalca- 
lations to prove that the ventilation as provided by shafts 
would be altogether iusuffituent to prevent danger ariang 
firom Um consumption of eoke, produoing as it did taige 
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quantitiefi of oarbonio acid gas, destraotive to human life. 
He showed, for instance, that in a proposed box-tunnel on 
the Great Western Railway, the passage of a load of 100 
tons, would deposit about 3090 lbs. of deadly gases, thus 
giving a pleasing prospect of an easy death by suffocation to 
the passengers going over lines containing such structures. 
These and idany other objections, which at the present 
day would furnish food for laughter, were at that time 
seriously brought forward in Parliament, and advocated 
on all other occasions, with the view of crushing the move- 
ment in the bud ; and the assistance rendered by Robert's 
pen at this most critical period, in dispelling those popu- 
lar and scientific errors, was often alluded to in glowing 
and grateful terms by the father ; while, on the other 
hand, we hear the son, in the year 1856, when at the 
zenith of his fame, as president of the Institution of Civil 
Engineers, informing that august body, that whatever he 
had done, and however extensive his connection with the 
railway development had been, all he knew, and all he 
had been able to effect, was primarily due to the honoured 
parent whose memory he cherished and revered. It must 
have been a pleasing thought in after years, in recalling 
this discussion, to dwell upon the success of the ^stem he 
had advocated so earnestly and so well. With what pride 
oould he not point to the fact that the close of the year 
1856 exhibited the enormous sum of £308,775,894 steriing 
embarked in the construction of 8635 miles of railway in 
Britain alone, the whole of which had been raised by. 
private individuab, without the aid of a single penny from 
the public purse! With what exultation he might have 
mentioned that the almost inconceivable number of 
129,347,592 individuals had travelled over this net-work 
of roads, at the rate of 24 miles an hour to an average 
distance of 12 miles, at the rate of 1} penny per mile, and 
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ihat, daring tlie year above mentioned, tlie proportion of 
accidents to passengers from causes beyond their own con- 
trol, was only 1 person lolled to 16,168,449 conveyed. 
And going beyond his native country, he could show 
10,000 miles on the European continent, and 26,000 
miles in the United States, in active operation, together 
with 1500 miles in course of construction in Canada, all 
tending practically to annihilate distance in bringing the ends 
of the earth together and nations into close relationship, 
by enabling them to exchange more freely their respective 
commodities, abating national antipathies, and uniting 
more closely the fiunilies of mankind 1 What a forcible 
answer would all this not have been to the arguments 
brought forward by his croaking adversaries as to the 
curse which would be entailed were the system carried 
out which was advocated by his father and himself I 

Deeming it therefore impossible to shew wherein one 
excelled the other, in so far as original conceptions or me- 
chanical resources were concerned, we will, afler having 
thus far dwelt on the Locomotive, which in a great measure 
must be attributed to the father, turn our attention to the, 
in other respects, equally important problem solved by the 
son ; namely, the discovering of the principle and conse- 
quent establishment of the Tubular system of Bridging. 
The connection of London and Liverpool by rail having 
been made, public attention was now directed to further 
improvement of the conmiunioation with Ireland, by ex- 
tending the land journey and diminishing the sea voyage, 
or, in other words, increasing the comparatively certain, 
and diminishing the uncertain portion of the journey. 
The two ports of Holyhead and Dynllaen, had each their 
advocates, but the preponderance of evidence as to suit- 
ableness terminating in favor of Holyhead, the line pre- 
viously surveyed by Mr. George Stephenson was adopted 
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with a short deyiatlon of Ave miles. The mechanioal 
atractores on this line were of the most gigantic charaoter. 
Never before in the history of modem engineering, had 
difficulties so great been met with, or so ably surmounted. 
The project of throwing railway bridges over the Menai 
Straits and the Conway River, was sufficient at first to appal 
even the mind of Robert Stephenson ; but having once em- 
barked in the scheme, the resolute spirit inherited from his 
father deterred him from giving up the task as hopeless, but 
rather uiged him to the accomplishment of this herculean 
labour. The idea of making use of the present Suspension 
Bridge erected by Telford had occurred to George Stephen- 
son in the year 1840, but as the present strength, together 
with any addition which might be made to it, was not 
thought adequate for the passage of railway trains with 
ponderous locomotives, the idea was abandoned by his son, 
and an independent bridge recommended about a mile to 
the south, at a site known by the name of the '^ Britannia 
Bock," in every respect an eligible point for crossing. 
The suspension principle for railway purposes, though 
since successfully carried out in America, was gone Mly 
into in all its details ; but with the recent failure of a 
bridge on this plan at Stockton-upon-Tees, before his ejtBy 
and while acknowledging the possibility of stiffening the 
structure to such a degree as to admit of railway traffic, 
yet from the circumstance of the greatest portion of the 
material used in construction being wood and therefore 
possessing a perishable nature, and liability to destruction 
by fire, caused the adoption of this plan for overcoming 
the difficulties to be abandoned. The Britannia Rock 
being in the centre of the channel, rendered it possible to 
obtain two spans of 350 feet each, and, as the clear head- 
way of 103 feet afforded by the existing suspension-bridge 
furnished a guage-height for this, Mr. Stephenson was 
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ooDseqnenily enabled to establish at onoe the governing 
data of the proposed stmctare, and proceeded to design 
two cast-iron arches, of the unprecedented spans above 
mentioned, with a versed sine of 50 feet, carrying the 
roadway at a height of 105 feet above the level of the 
high water at spring tides. The ordinary mechanical 
difficulties in the way of canying out this plan under 
more &vorable circumstances, were immeasurably increased 
in this instance, from the depth of water in the channels 
ranging from 50 to 60 feet, with a rush of tide at least seven 
miles an hour, which rendered the adoption of scaffolding 
impossible, even had the requirements of the Admiralty 
for keeping the navigation uninterrupted, not been a fatal 
condition. The resources of the Engineer were equal to 
even these emergencies, and the ingenious method proposed 
for overcoming the difficulties in the erection of those col- 
losal spans without the aid of scaffolding or supports from 
underneath, will remain almost as enduring a monument 
of talent, as the wonderful creation of his genius which 
now spans the enormous chasm. On its becoming known 
what description of bridge it was proposed to adopt, 
an agitation was immediately commenced, by those 
interested in the navigation of the straits, who argued 
that it would be seriously impaired, by the contraction of 
the channels from the piers and from the spandrils of the 
arches, and that at the present time the navigation required 
the utmost skill from the great tidal currents, rapid eddies, 
sunken rocks, and baffling winds, without, as they allied, 
having those dangers augmented by additional obstacles. 
So strong a power have vested rights in England, that 
Bobert Stephenson recognised in this opposition the death- 
knell of his magnificent scheme, and resolutely set himself 
about the apparently impracticable problem of devising some 
other plan by which all these conflicting interests might 
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be reoonoiled. In the meantime a Gtovernment OemmisaioB 
had been appointed to report on the affiiir, and, a^ier mac 
tore deliberation and extensive examinations, grayely 
reoommended that the two spans should be increased firoa 
360 to 450 feet each, and, what was of still greater oonse- 
quence, instead of being circular or arched, as in the ori* 
ginal plan, they insisted on their being flat or straight 
throughout their entire length. And in the event of, as 
they supposed, these impossible conditions being complied 
with, ironically suggested that no opposition should be 
offered, or obstacles thrown in the way of the railway com* 
pany Inidging the Menai Straits. We have oflen wondered 
what were the thoughts of the directors of this road on 
being made acquainted with this ultimatum, — gentlemen 
who had previously r^arded the proposed arched spans of 
even 350 feet with the utmost suspicion, as being too great 
a departure from precedent and possibility ; or what were 
the feelings existing in the mind of the engineer to whose 
resources the company naturally looked fi)r aid in this 
dark hour ; but still more have we marvelled at the aston* 
ishment which must have pervaded Parliament, when Robert 
Stephenson appeared before their select committee and an- 
nounced that he was prepared to comply with the stipulated 
conditions to the letter. This surprise could scarcely have 
been mingled with distrust or doubt, as they had before their 
eyes, and fresh in memory, the miraculous achievements of 
'^ the old Northumbrian maniac '' of the same name and 
lineage as the gentleman who now stood before them, so 
calm in his simple manhood, and earnest in the belief of 
his ability to p^orm what he proposed. It is an inte- 
resting study to trace the various stages from the first con* 
ception to the successftil carrying out of a great principle ; 
to thus follow, step by step, the experimentfl and deductions 
in the establishment of the Tubular System from the time 
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the idea flashed aeron the mind of t1u» anthor, when 
reflecting on the nnmeroos inatanoes of extreme rigiditj 
and strengdi in oircular tabes belonging to the vegetable 
kingdom, the oommon wheatHBtraw and the river-reed m 
oar own climate, and the gigantic sterna of ^e bamboo in 
the tropics, towering sixty fbet above the jungle. The 
idea thus suggested by nature of arrangement of material 
fi>r strength, stiffiiess, and lightness combined, was eagerly 
seized hold of by the eminent ragineer, enabling him 
boldly to inflorm the world that he was prepared to throw 
a straight tubidar beam over the Menai Straits. 

Being warned of the length this article has already reached 
before coming to the subject in view, we are unable to follow 
Mr. Stephenson through his interesting experiments, whi<^ 
resulted in the Britannia and Victoria Bridges, — two of 
the most stupendous and useful monuments ever produced 
by man, and destined to remain as such, it is hoped, till 
time shall be no more. We have written at some length 
on the Father of Brailways, and on his son, the designer of 
the Tubular System, which now spans the Menai Straits 
and the mighty St. Lawrence. It has been done with the 
belief that many who read this, will for the first time be 
made acquainted in a slight degree with the early history 
of those remarkable and noble-hearted men, and lead them 
to a more intimate knowledge, from other sources, of 
the talents and energies they devoted to the material wel- 
fare and happiness of the human race, in all countries and 
of every tongue, — to know and thereby honour individuals, 
who, by the force of circumstances they themselves created, 
were brought into dose and intimate relationship with 
kings, princes, and dukes, yet, while yielding the respect 
due to their exalted rank, never forgot they sprung from 
and belonged to the people, proudly preferring the simple 
appellations of George and Eobert Stephenson to all the 



20 



A OLANOl AT THl YIOTOBIA BBIDGB. 



titleB and JUBtiiioiionB repeatedly pressed upon their aooepi- 
anoe ; and as the ponderous locomotiye, instmct with life, 
drawing its enormous train of living freight, dashes past, 
causing the very earth to tremble, to lead the mind of 
the spectator back to the humble inmates of the day 
hovel, and the long weary years of struggle before G^rge 
Stephenson was enabled to bring forth this creature of hia 
brain, and, while following with the eye the resistless, 
roahing, thundering mass^ as it approaches and enters the 
gigantic structure high above the angry waters, cause the 
thoughts to revert to the genius of him who planned it, 
and now resting from his labours in the venerable and 
time-honoured Abbey, surrounded by Britain's illustrious 
and mighty sons. 



CHAPTER EL 



CANADA. 



It may be proper, before commenoing with the Yictoria 
Bridge, to give a glance at the previous histoiy of the 
oountrj, whose recent deyelopment has resulted in the 
erection of the eighth wonder of the world, and in doing 
00 to describe a few of the most prominent featores. 
The time exists in the memory of many now living when 
the whole expanse of Western Canada was covered with a 
dense wilderness, with the exception of small settlements 
at different stations, between Lake St. Francis and Am- 
herstborg, containing a population of not more than 20,000 
souls at the time it was formed into a separate government 
in the year 1791. About the same period, the number of 
inhabitants in the eastern sections, or Lower Canada, did 
not exceed 130,000, principally scattered along the banks 
of the St. Lawrence from Montreal eastward. A rapid 
tide of immigration soon increased the numbers. From 
the overcrowded counties of Merrie England, came jcr 
brave and resolute sons, ready and willing to meet hard- 
ships and perils, that they might have a hearth and home- 
stead of their own ; Bonnie Scotland sent her stalwart, 
oannie, and industrious chiels, as pioneers in the march of 
settlement ; while from the Emerald Isle, came thousands 
of her fervid children, happy in escaping from the day 
cabins and misery of their green island home, with the 
prospect in view of an improved condition in the land of 
their adoption. Allured by the cheapness and good quality 
of the soil, together with the fine climate, many poured in 
from the neighbourbg republic, all willing to acknowledge 
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Canada aa their home, and, by their obedience to tlie kws 
and industrious and hardy habits, proving good subjects and 
settlers, none more gallant in assisting to roll back the tide 
of unprincipled invasion, by &eir late fellow oountiymeni 
in the war of 1812. 

If Canada possess none of the historic interest, which 
attaches to older countries^ riie can with pride p(Mnt to the 
undaunted and sucoessfol efforts of those tMUve pioneers, 
in conquering the difficulties of nature ; the priviitiona 
endured, tiie dangers encountered, witli miraculous escapes 
in the &rest and on the wave, from the wild animals and 
still more savage Indian, will furnish Uiemes for the pages 
of the historian and novelist as prolific as did the days of 
crusades and ohivaky in Eun^. The picture so graphi- 
cally drawn by one of Canada's historians, will place before 
the reader, the early settler in his most favourable condi- 
tion: — 

'^ The backwoodsman whose fortunes are oast in the 
remote inland settlements of the present day, far ronoved 
from churches, destitute of the ministers of the gospel, 
and medical men, without schods or roads or the many 
conveniences that make life desirable, can alone af^reciate, 
or. even understand, the numerous difficulties and 
lardships that beset the first settler among the ague- 
swamps of Canada. The clothes on his back, a rifle or 
dd musket, and a wdl-tempered axe, were not unfire- 
j^ quently the Ibll extent of his wordly possessions. 
Thus lightly equij^KMl, he took possession of his two 
hundred acres of closely-timbered forest land and com- 
menced operations. The welkin rings again with his 
vigorous strokes as huge tree after tree is assailed and 
tnmUed to the earth, allowing the sun to shine in on 
his little clearing. The best of the logs are partiaUy 
squared and serve to build a shanty; the remainder are 
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giTen to the tames. Now the rich mould, the aooomn- 
lation of centuries of decayed yegetation is gathered into 
Mule hillocks into which potatoes are pot; Indian com 
is planted in another direction, and periiaps a little wheat. 
If married, the lonely couple struggle on in their forest 
oasis, like the solitary trayellers over the sands of the 
Sahara, or a boat adrift on the Atlantic. The nearest 
neighbour liyes miles off, and, when sickness, comes they 
haye to trayel far through the forest to claim human 
sympathy. But fortunately our nature, with elastio 
temperament, adapts itself to circumstances. By and 
by the potatoes peep up and the corn-blades modestly 
fdiow themselyes around the charred maple stumps and 
girdled pines, and the prospect of sufficiency ci food 
giyes consolation. As winter approaches, a deer now 
and Uien adds to the comfort of the sditary people. 
Such were the mass of the first settlers in Western Ca- 
nada. Within the brief space oi sixty-four years, six 
years less than tiie allotted life of man, how marvellous 
the change V* 

This description of i^e hardships incident to a settler's 
life, falls in innumerable cases far short of the reality. Th» 
axe being the most neoessary tool in the hands of the immi- 
grant while it was quite familiar to the partially acclimatised 
American, was to the newly arrived Briton a totally differ- 
ent instrument, and the months that must elapse before 
he could become accustomed to its use, with the long 
season of illness which himself and £unily must pass 
tibrou^, Immght on by the deadly malaria arising from 
the swamps and decaying vegetable matter by which he 
was surrounded, far away firom human sympa^y and as- 
sistance, shows the metal those brave men were made of, 
enabling them to triumph over all. 
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The tide of immigration oontinaed to flow ; those trials 
and difficoltieB became lees from year to year, as the ooan- 
tiy became opened up. Montreal was bronght within 
four weeks* journey of Toronto and that harbinger of pro- 
gress, a newspaper, started. Slavery was declared in both 
provinces incompatible with the institutions growing up, and 
was at once and forever abolished ; the fetters which bound 
slaves then in the country were knocked off and the liber- 
ated AMcans declared British subjects, and as such free 
men. The second steamboat in the New World, first 
ploughed the blue waters of the St. Lawrence about the 
year 1809, reducing the journey between Montreal and 
Quebec to 36 hours, and was quickly followed by additional 
ones in both provinces. A fierce and deadly struggle for 
British supremacy, against almost overwhelming odds, was 
brought to a successful termination, and the neighbouring 
power taught a lesson they have not yet forgotten. Com- 
merce increased, manufactures were established, schools 
opened and churches built, even in defiance of obstacles 
thrown in the way by a government at the distance of 
3000 miles, whose officials were profoundly ignorant 
of the resources and growing importance of the rising 
colony, as may be inferred from a single illustration. So 
late as the year 1812 the wood-work of the Psyche frigate, 
intended for naval operations on Lake Ontario, was sent 
out from England, to a country where it could be provided 
on the spot in one tenth of the time necessary to cany it 
from Montreal to Eangston, and at the twentieth part of 
the expense ; even wedges were included in the stock sent. 
And to exemplify more completely the information possessed 
at that time by the Admiralty, frill supplies of water-casks 
were forwarded for the use of the ships of war on Lake 
Ontario, when it was only necessary to throw a bucket 
overboard to draw up water of the best quality. An 
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amount of ignorance like this, when shewn by tliis depart- 
ment of government, that should have been better posted 
np, was bad enough even though the money squandered did 
not directly affect the people's interest, but when, from the 
numerous suicidal acts that emanated in the Colonial Office^ 
the shoe commenced to pinch, petitions, addresses, re- 
monstrances, and at last armed rebellion, opened the eyes 
of the mother country to the injury and injustice her 
children in tbe West were sufiering, and, after crushing the 
unconstitutional movement, at once proceeded to devise a 
system of responsible or self-government, and, witb a gen- 
erous confidence in the attachment of her sons in Canada, 
and assurance in theb ability to take care of themselves, 
slipped the leash, and left her full fledged ofi&pring to go 
on its journey for weal or for woe. 

But a few years have elapsed since this boon was grant- 
ed, and already Canada can point to the enormous strides 
made in every direction, as a proof that for the Anglo 
Saxon race self-government is requisite. She can proudly 
make known the fact that as the commencement of the 
century saw her with a population of 150,001) inhabitants, 
she now claims the allegiance of 3,000,000, a case of rapid 
increase without a parallel, if the auriferous countries are 
excepted, and point to her broad expanse of unoccupied 
territory stretching far north and westward to the Paciflo 
Ocean, with her noble lakes and unrivalled rivers, to her 
rich soil and healthy climate, in all its different variations, 
together with inexhaustible mines of iron, copper, lead, and 
other minerals, as the future homes and means of support 
for hundred millions more. 

She can at the present time show a chain of inland 
lakes and rivers, connected together for commercial pur- 
poses, by a series of the most magnificent canals in the 
world, enabling vessels of 800 tons to ascend from the 
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Ocean to Lake Ontario, and yesflels of 400 ions firom 
thenoe to Lake Erie, with an increased commerce from 
about $3,000,000 in the year 1800, to $75,631,404 in 
1856. But a few years since, where the solemn silence of 
the forest was interrupted but by the wandering Indian 
or wild animal, and where the foot of a white man had 
rarely or never trod, she can now point ont numerous 
cities, towns, and villages, with populations ranging fr(»n 
40,000 downwards; many of them second to none on the con- 
tinent for the enterprise and public spiritof their inhabitants, 
the architectural ornament and solidity of public and private 
building?, for the extensive works of utility they have 
completed, and to their mammoth warehouses and harbours 
filled with the produce of a still further west ; and exult 
in those busy marts of commerce as evidence that she is 
on the high-way to prosperity. She can show extensive 
r^ons once the scene of the beaver^s labours, and the home 
of the sickening fever, from which the forests have fled as 
if by magic, now converted into smiling fields of plenty 
and peace, and filling the land with the ceaseless hum of 
industry and happiness. She has produced a system of 
railways extending over the entire country, unequalled 
for solidity and permanency of construction on this conti- 
nent, amounting to about 2093 miles, nearly all of which 
have been put in operation within the last ten years, 
bringing the extreme portions of the province within a 
few hours of each other. The large number of 1,613,935 
persons have travelled by this means a total distance of 
91,027,299 miles, or an average for each passenger of 56jt 
miles, at the rate of 26 miles an hour, with only one pa»- 
Benger killed for every 13,003,900 miles travelled during 
the year 1858, but which is regarded by the Government 
Kailway Inspector as being unusually severe in so far as 
loss of human liie is ooncemed. It will be remembered 
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that during the summer season those floating palaces the 
steamboats attract nearly all the pleasure travel, which 
would otherwise swell the number by railway to an enor- 
mous extent. Distance and time are completely annihilated 
by the flashing of the electric fluid along the telegraphic 
wires and brings all sections of the country within a mo- 
ment's distance of eyery portion of the continent connected 
by the magic wire. That great engine of popular instruc- 
tion and freedom the press has increased beyond calcula- 
tion firom the days of its infancy, when the solitary Qovem- 
ment Ghaette in 1795 sent forth its 100 copies per week| 
with the latest intelligence from New York and Quebec a 
month old, to the present time, when from the dtj 
mammoth daily to the village modest weekly, the country is 
deluged with reading matter on all conceivable subjects 
and with intelligence a few hours old from all parts of 
America. This enormous power is controlled and directed 
by men from the highest order of newspaper talent, down 
to those possessing only a mediocrity, but all working with 
the common view of instructing and improving their read- 
ers. With still greater pride can Canada point out the 
high position she has attained in the education of her 
children both spiritually and intellectually; to the com- 
plete religious toleration which prevails, allowing every 
man to worship his Maker according to the dictates of his 
conscience, none daring to make him afraid ; to the 
countless spires rising towards heaven from one end of the 
land to the other, all uniting on the calm Sabbath morning 
in a melodious but solemn summons for the people to attend 
the house of Ood. With just exultation she may also call 
attention to the universities, academies, common schools, 
and mechanics' institutes, which stud the whole face of 
the country, and attended during the year 1858 by 
463,288 pupik, at an expense of $2,493,811, furnishing a 
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fljstem of eduofttioii emlHraoiDg elaflskss, belles-teUres^ Isw, 
medicine, mftthemftties, and the whole range of seieiiots, 
down to nidimentarj instniction in the English language* 
These institutions a]*e open to all, from the highest to the 
lowest on the same terms, with no merit recognised hut 
ability. She can point to the upright, learned and eloquent 
men who graee the ermine they wear, and as fountains 
of justice distributing it in streams, as clear and irresistible 
as the limpid waters of the ndghty St. Lawrence in its 
majestic flow ; to her men of soienoe, her Logans, Dawsons^ 
Hunts, Smallwoods, Billingses, and a host of others with 
world-wide reputationft, all actively engaged in bringing 
their knowledge to bear on her physical development;: 
to her Ke^ers, Pe^es, Shankys, and others, as engineers 
who have made themsdves eminent and their country ce^ 
lebrated for the colossal public works ^ey have planned 
and executed ; to the free and elective government with 
its constitutional opposition, to guarantee that the rights 
of the people shall not be invaded nor the public funds 
mis-appropriated, and, when in t^e course of time dbanging 
places, to see the late ministers converted into watchful 
sentinels on th^ successful adversaries taking the hdm 
of state, — all equally sealous in the maintenance of their 
country's credit, honoTfr, and prosperity; and above all, 
to the fbding of loyalty and devoted attachment to the 
land of their forefathers, burning as brightly as the patri-' 
otic flame on their own country's altar, — to the thrill of joy 
and pride which pervaded all classes on the glorious termi« 
nation of England's oonflicts-— to the gratification felt on 
being allowed to contribute a regiment to her army, with 
a contribution to the widows and orphans of her brave de- 
fenders, and able, in the event of an emergency, to send 
into t^e field a hundred thousand of her sons with the 
deadly minie-riifliB to sustain the prestige of '< the flag that's 
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braved a thousand years the battle and the breeze," with 
arms as strong and spirits as brave, as those of their com- 
mon ancestors who conquered on the fields of Agincourt 
and Waterloo. 



CHAPTER ni. 



TIOTOBU. BKIDOI. 



Thk year 18&9 closed vith the addition of an oghtli 
wonder to the world's musenm, in the completion of the 
Tiotori* Bridge, and adding another trophy to the pover 
of mind orer matter. The important connecting link of the 
Canadian rallvay system wsa oompleted, and the Far West 
put in immediate connection with the Eastern seaboard. 
The hopes of ite projectors were realized and the doubts 
and fears of its friends dispelled. The difficulties of nature 
in their most formidable type were snrmonnted, in a shorter 
spftce of time than anticipated by the most sanguine. 

The mighty river was ^dled and brought nnder man's 
oontrol, and fruitless are the efibrta of her deities to escape 
from die thraldom of bis iron bands. Her mad waves 
and mshing cnrrents may break against his bulwark in 
Tain, with her heretofore irresisttble winter forces laughed 
to BOom by this creation of the genius of her victors, whose 
mission it is to go tbrth and conquer. Who were they, 
U)d by what means did they gain this triumph ? may be 
isked when the dim rista of centuries intervene. What 
mechanical appliances were made use of, and did giants 
live in those days ? or, coming back to onr own time to 
Btdsfy the reasonable cariosity of the beholder as he gazes 
upon this crowning achievement of intellect and ^new 
DOmbined, is the object of the tbllcwing pages. 

In the projection of her public works, Canada was fortn- 
nate above most new oonntries, in the possession of a olasa 
of men with enlaced and far-seeing minds, enablii^ them, 
instead of seeking a mere temporary aooommodation for 
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the local trade, which even a few years would prove insnffi- 
oient, to look forward to the future with its great increase and 
to the Far West or granary of the continent, as requiring* 
an outlet for its enormous surplus, and, with this object in 
view, to advocate for their different projects, a scale com- 
mensurate with the work to be done. While at the time 
many persons of less sagacity, offered strong opposition to 
the vast expenditure entailed on a young and poor country, 
maintaining that the present generation should not suffer 
in their pockets, for those coming ailer, but leave them to 
provide for their own requirements, we cannot suffi- 
ciently admire the spirit which impelled those projectors 
to adhere to tbeir convictions, as to the magnitude of the 
works required, and which the experience of a few years 
has demonstrated to be correct. It was under such circum- 
stances, and with those objects in view that the canals were 
built, and the inland waters lighted up, from Gasp^ to Gode- 
rich, enabling her to enter into successful competition, as a 
public carrier of the products of the West, about the year 
1846. But as during the winter season she was obliged 
to withdraw from the contest, on account of her ice-bound 
waters, another system had to be adopted to prevent the 
trade when once introduced into Canadian channels, from 
being diverted to the American lines of railway, &om which 
it would be difficult to r^ain it. The necessity c^ imme- 
diate action was generally felt throughout the Province, but 
iu no place more than Montreal. She saw at once the neces- 
sity of prolonging the advantages gained during navigation 
to the winter season, by the construction of a tarunk line of 
railway from the most eligible winter sea-port to the ex- 
treme West, and thus be in a position to compete with her 
rivals the year round, on her own terms. The St. Law- 
rence and Atlantic Railway leading from Montreal to 
Portland, was projected and its construction vigorously 
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mgl^ cm by the mercaatile coDnnnnity of this oity , but 
iinfortaD!Lt«1y, owing to a BcasoD of great commercial de- 
^nesiioD and political agitation throngbont the Province 
•t that time, the eztennon of the line westward from Mon- 
treal was allowed to remain in abeyance and all the mcani 
which oonld be nuaed were devoted to the completion of 
the first link already commenced. Pnring this period of 
stagnation, however, a question was raised of the utmost 
importanoe to the whole ^t«m of futnre eztenston ; we 
refer to the project of bridging the St. Lawrence at Mon- 
treal with a view to a oontinuous rail from one end of the 
line to the other. The conception of an idea so bold and 
original ts this met witii the reception which nsuall; 
Kttends the first introduction of a jH'ojeet so novel and 
^)parently impossible ; it was immediately set down by the 
public as the production of a man who had taken leave of 
his senses, and sooated accordingly ; ridicnle and tangbt«r 
attended the discnssiou of the snbjeot in public and private, 
and the opposition which attended the introduction of the 
loocanotive system by George Stephenson was re-enacted 
4X1 a smaller scale in Canada with reference to the Hon. 
John Tonng's mad scheme. But fortunately for the inte- 
rest of the Province, that gentleman was in possession of 
a mind singolarly characterized by his oountrymen's pecu- 
Uarities, and the pertinacity of the Scotsman, in the 
advooaey of this idea, which his acute, shrewd, and far- 
se^ng mind held to be of the utmost importance to the 
oountry, enabled him to triumph over all opposition, and 
in time, by his poweriul arguments, in the newspapers and 
on 'ohsnge, b^bre the rulway board, and public assemblies, 
to bring many to see the subject in the same light. He 
could now have the satisfaction of introdncing the project 
to his brother directors of the St. Lawrence and Atlantic 
Rulway without the fear of disturbing thdr liable facnl- 
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ties or that dooorum which should characterise so graye 
a body, and urge on their attention the strong necessity 
of taking the matter up at once and giving it a thorough 
examination. 
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CHAPTER rV. 

KB. oat's FIiAN. 

Thi e£Faot of this modified opinion, became evident by 
the infltrnotiona vhioh were issued to Mr. Morion, tlie 
tben cbief engineer of the road, to make the neoessaij sor- 
veye, plans, and estimates of a soitsble bridge for railvay 
purposes. We are ouable at this time to state wliat were 
the distJnctJTe features of this genUeman's plans and 
report further than his proposed line oiossed Nan's Island 
about a quarter of a mile above the foot and thenoe dia- 
gonally over the river to the soath shore, making the entire 
laigth over both ohannels about 11,540 feet. Several 
other lines between the foot of Nun's Island and Montj>eal 
were also examined. The result, whatever it may have 
been, apparently did not satisfy the projector, judging 
from the oommunioations which a{^ieared in a newspa- 
per of that day, and generally attributed to him. So 
forcibly and clearly was the importance of the bridge 
made evident, that a oommittee was oi^anized of which 
Mr. Young was chairman, for the purpose of proonr- 
ing a seoond examination, to show the feaubility or other- 
wise of the undertaking. On this occasion an American 
engineer of great experience in this branch of the profes- 
Hon, was requested to make a thorough reoonnaissance of the 
river between Lapnurie and St. Hden's Island, including 
ttie Hte which had been proposed by Mr. Morton. Mr. 
Chty, on his arrival in Canada, proceeded to make himself 
ftmiliar with the general character of the river during the 
formation of ioe in the eaily part of the winter and breaking 
np in spring, from which be ww led to believe, in oonneo- 
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tion wiih his previoaa acquaintance with the operation of 
large bodies of moving ice on other rivers, that any 
attempt to construct a permanent bridge across the river 
St. Lawrence between Nun's Island and the lower end of 
St. Helen's Island, would be attended with great risk, if 
not a total failure. This opinion having been formed, 
his attention was then devoted to the section above, and, 
after a thorough examination resulted in the selection of 
two different lines, either of which would answer the con- 
ditions of the problem in so far as danger arising from 
ice was to be apprehended. These lines for convenienee 
of reference, are distinguished by the terms '' upper " and 
" lower," and may be described as follows : 

The upper one extended from a point on Nun's Island, 
about a quarter of a mile from its head, over to a point on 
the eastern shore two and a half miles below Laprairie, and 
embracing both channels was 14,960 feet in length. The 
lower one extended from a point about half a mile above 
the foot of the island to the opposite shore, and with both 
channels was about 12,540 feet long. In discussing the 
merits of the two lines, Mr. Gay evidently leaned to the 
upper or longer of the two, in so far as danger from ioe 
was to be feared, on account of the additional water space 
it offered, and less liability of jamming, while on the otiier 
hand its greater length and consequent additional expense 
of construction made the lower one preferable even with the 
somewhat increased risk of the ice accumulating. Under 
such consideration the lower line was recommended ftr 
adoption. The following brief description will give the 
reader an idea of the bridge proposed by Mr. Oay for this 
site. The superstructure was to consist of wood, arrange^ 
in that form of fhuning known by the name of ^' Burr'i 
combined arch and truss," and supported on two abut- 
ments and 55 piers, at clear distances of 200 feet, with 
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the nnder side of the chord and tross work nueed twentj- 
Ato Teet above low water, but the ends of the arches ap- 
proacbii^ it within dghteea feet. The maeooi; of tba 
sbutmeDla and [nera was to be of the most substantial 
oharaeter. The Hnrfaee of the external stones to be dressed 
in ooarsca and the interior wcffk laid with level beds, un- 
ootu-sed and weU bonded. The pier heads forming the 
ioe-breaker, to be faced with timber one foot thick secured 
to the walls with iron straps and bolts in such manner that 
it OQold be renewed at [deasare. The masonry of the pier- 
heads was also to be secured in each coarse with iron clamps 
and the pins to be 18 feet in thiokness at the " skew- 
backs," or springingJine of the arches. The faces of 
both abatmeots and piei? to have an even batten of one 
inch per &ot rise fmn bottom to top ; no o^ts, or pro- 
jeetioas were contemplated for ornament, in order that a 
amooth and even sor&oe might be presented for the action 
of Uie ice. The maaoniy of the piers where the water waa 
more than two feet deep to rest upon a solid fonndation of 
hewn timbers bolted together and sunk upon the solid 
rock-bottom of tlie river, from which all earth or loose 
Btones were to be removed bj dred^g. 

In this ^aa it is evident that no provision was contem- 
plated tot Ae navigation of the river, although Ut. Qay 
stated that a draw-bridge, not ezoeeding six^ feet in lengtli, 
might be placed over the navigable channel, if insisted on, 
bat aa its eieotioD would neoeasitate the two piers being 
within that distanoe apart, great dangers would be appre- 
hended from the (^wtruotion of the ice, espeoiailj as 120 
^t of one span would have to be ooostmcted three feet 
qesier the Bur&oe of the water, than would otherwise be 
nqoired, to allow the draw being moved back within it, 
and tlierefbie jeopardise the safety of the bridge ; and oon- 
el«4ed with the hope that in obtaining the neoessaij aatk>> 
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rity for its erection, no snch conditions should be coapled 
with it, as tending to impair its safety or usefulness when 
done. In addition to railway traffic, it was also designed 
for ordinary bridge purposes for the common roads leading 
into Montreal from the south side of the river. The esti- 
mated cost of this bridge was $525,693, or if built on the 
upper line $613,321. In taking a general view of this 
scheme, we will confine oursdves to the consideration of 
a few of the most prominent features involved in its ereo- 
tion. The superstructure being on the arch and truss 
principle, was capable of being made abundantly stroug for 
the purpose intended, under other circumstances, having 
the truss portion to sustain its own weight, and the archea 
as auxiliaries for passing loads, but^ as before stated, in this 
instance the most vital parts of t^e sustaining arches ara 
brought within eighteen feet of low water and as it is known 
to have risen 22^ feet above that point, at the time the 
ice was flowing in the fall and spring, and frequently above 
the limits prescribed by Mr. Gay for the springing of the 
arches, the ice under such circumstances would come in. 
contact with and destroy the most essential part of the 
structure, and probably involve the whole in the same cala- 
mity. Mr. Gay proposed to build the piers without ^e 
aid of coffer dams, by dredging the bed of the river down 
to the smooth rock and starting the foundation on a solid 
timber platform ; but as he did not indicate the modui 
operandi, we are at a loss to conceive how it could be 
effected, from the &ct that the deposit is made up in 
many instances of large masses of boulders, with interstices 
filled with gravel, sand, and mud, forming a hard con- 
Crete mass, at other times the reverse, while, occasionally, 
the treacherous quicksand is met where least anticipated, 
forming altogether a stratum ranging from three to ten 
feet in depth, or how, by any process of dredging, this acoik* 
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mnl>tfld and raried mass oonld be removed from the 
rocky bed, bo as to admit of the timber coming in imme- 
diate and close oontact, as an essential to stabillt;, for 
the som of |200 a pier, is more than we can comprehend, 
to say nothing of the di£Gcalty and expense of placing the 
masonry ander water, in so strong a current, cither by 
diTing-bell or otherwise than ooffer-damming. 

The site selected in no way favored the interest which 
it was intended to serve, either for railway purposes or 
ordinary travel, being at too great a distance from Mon- 
treal, on which the prcyeot at that time was dependent for 
the support necessary for proseculJon, from the fact of it 
hnag regarded in other quarters as a purely local measure, 
and as such not entitled to public sympathy or support, 
bat rather the reverse, from Uie interruption it offered to 
the navigation of a river for the improvement of which 
some 10,000,000 of dollars had been previously expended 
by the Province. Notwithstanding the disadvantages under 
which it labored, an application to Parliament for the nd- 
oessary powers for enabling the work to be proceeded with, 
was favourably entertained in the Honse of Assembly, 
tJiroogh whidi a charter was oarried in the year 1847, but 
was subaetiuently arrested in the Lc^:islatiTe Council, from 
whom it reoeived its quietus. With so unfavourable a 
result to >J1 the efibrta which had been made by the pro- 
jector for oanying out this great idea, it would naturally be 
supposed he would allow the subject to drop, as an imprac- 
ticability, and take no further action in the matter. 

An eminentengiueerselectedby himself had pronounced 
a bridge below Nun's Island a physical impossibility, while 
he in turn knew Ml well that the one designed and loca- 
ted by that engineer was a moral one, and fbr four years 
brooded over the aubject with the pertinacity of a Merritt 
or a Olinton, every day beooming more convinced <^ ila com- 
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mereial importanoe, and stroDger in faith that it would yet 
be aooompliflhed. We have before alluded to a season of 
depression in business matters which visited Canada about 
this time, involving the suspension of many improvements 
until better days would dawn^ to which happy period we 
will now proceed. 



CHAPTER T. 

H&. T. 0. KEEFKR'a PLAK. 

DuttiNO the early part of the year 1851, the subject of 
exteneion westward from Montreal was again taken np, and 
a committee appointed to procure an examination of the 
country between that city and Kingston. The conduct of 
this important survey was intmeted to Mr. T. C. Keefer, 
a young Canadian engineer of great talent, but at that 
time more widely known for the clear, able, and ebquent 
manner in which, rb a writer, he had advocated various pubtio 
works of utility, than as being the possessor of that practi- 
cal ability afterwards displayed in the ori^natJon and con- 
struction of some of the finest hydraulic works on the con- 
tinent In the general instractiouEi ieened to him by the 
chairman of the oommittee, Mr. Young, under date of 3r(l 
Jane, 1851, we find that gentleman still as resolute on the 
bridge question as when we t«ok leave of him in the year 
1847. In making Mr. Keefer acquainted with the com- 
mittee's desire for a third examination of the river, he 
an^ested starting from a supposed terminus near the 
Wellington Bridge, and thence to ibe opposite bank of the 
St. Lawrence to the best point of intersection with the 
Fortknd Railway ; adding, that on the completion of the 
surveys, plans, &o., altliough having every confidence in 
his professional abilities, yet as the work was of more than 
ordinary magnitude and responsibility, the documenta 
would be submitted te a board of en^neers to be named 
by the committee jointly with himself. It is not our pur- 
pose to go into the subject of the general survey of the line 
between the beforo-named dUee, ftirtlier than to say that 
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politioal ooni^deratioDB alone led to tbe change afterwards 
made in its location ; we will therefore confine the present 
remarks to the subject of the bridge. 

A better selection could scarcely have been made for Hob 
work, than the professional gentleman in question, from his 
intimate acquaintance with the St. Lawrence in all its 
yearly changes, acquired in the prosecution of extensive hy- 
drographic surveys lately carried on for the Provincial Goy- 
emment, together with the schooling obtained as engineer 
of the works on the Ottawa, a river second only to the one 
he was now to contend with. In fact, the wisdom displayed 
in the choice of Mr. Kee&r for this onerous office, is abun- 
dantly demoDBtrated by the bold and original views he took 
of the subject, and the able and scientific embodiment of 
ihem in the plans and report laid before the directors. In 
order to obtain a correct knowledge of the bed of the river^ 
position of shoals, &c., a thorough hydrograph survey was 
resolved on ; but as the great width, together with the 
strong currents, rendered it a difficult and expensive pro- 
ceeding during the summer months, Mr. Eleefer was under 
the necessity, after a preliminary examination, of allowing 
it to remain over until winter, when the ice would give an 
opportunity of gaining the important information with the 
utmost degree of certainty. The result abundantly con- 
firmed his previous anticipations, with respect to the pecu- 
liar conformation of the bed of the St. Lawrence opposite 
Montreal, and its remarkable adaptation for a Bridge. 
The line subsequently selected, the result of this survey, 
as offering the greatest facilities for crossing, left Point Stb 
Charles about a quarter of a mile below the present bridge, 
thence diagonally across the river in the direction of Mof- 
&t's Island, and striking the St. Lambert shore at the dis- 
tance of three quarters of a mile below the south approach 
of the Victoria Bridge, and in a direct line of connection 
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with the Graod Trunk Bailwa; at Longaeuil. It is k re- 
markable fkct, that on tbialiaetheshaUoweetvater IB found 
between Lake Ontario and Hit Ooean, and flowing over a 
bed composed of trap-rock, (through which a angle channel 
has been eut near Mo&t'i laUnd) aboat 360 feet in width, 
allowing a depth of nine fbet at low water, or aboat 300 
feet between the lines of ten feet at a like period, which 
goage no vessel descending ike rapids would exceed, while 
over the remainder of the ^oal followed b;^ the bridge, 
nearly one half of the diatance does not exceed five feet in 
depth, and oonseqnentJj not admitting of vessels taking 
any other route than the one indioated by the nuniw 
channel. This inibnnatlon being obtained, the Et^ueer 
was in a position to proceed with the general design of the 
bridge. The fate that attended the late project in the 
Lc^alativa Counoil, warned him agunst attempting any 
similar one, that would interfere with the navigation of 
the river, mora especially as it had been laid down by the 
SupremeCourtof the UnitedStates, in the Wheeling bridge 
case, that no draw undw 200 feet in length wonld be ao- 
oepted, and as this deoision would no doubt he qnoted by 
parties opposed to the scheme, and food of applying to that 
country for precedents, together with the impoedbtlity of 
complying with Buoh a requirement, as well as the opinion 
he had formed fi^im previous knowledge of the height the 
wat«r had risen on various occasions, requiring the super- 
structure to be at least 45 feet above low water for safety, 
led him to the bold conclusion that nothing short of a high 
level bridge, admitting vessels to pass underneath, wonld 
suffice. The site selected being above sea navigation, 
it was only necessary to provide fbr lake craft, but as 
many of the vessels nsed in those inland seas rivalled their 
brethren of the salt water, it became necessary to famish 
a dear head-way of 100 feet from low water, with « spaa 
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of fbitr Imndred feet over the cbannel before allnded to. 
Those two important points Having been establiflbed, Mr. 
Keefer's attention was direoted to the dimensions requisite 
Ibr Qie additional spans, and gradients each way from the 
eentre, as governing the heights of the remaining piers. 
In determining the sizes of bays or distances between the 
piers, it was evident, even in an eoonomioal point of view, 
ihey should be as few as possible, and as great in length 
as the style of superstruoture would admit, as o£fering less 
obstruction to the ice when flowing in spring and fall. 
Another consideration was to be observed, which to a certain 
extent called for at least clear openings of 250 feet. We refer 
to the requirements of the timber navigation. The timber is 
put together in sections ranging from 200 feet to 240 feet 
in length, and shot down Laohine rapids, and frequently 
during the prevalence of winds becomes unmanageable to 
the men who are guiding it, and liable to take any of the 
openings broadside. The danger arising firom this is ob- 
viated to a great extent by having all the spans the length 
above named. The fact of the channel for boats being 
confined to the centre opening, those two piers were raised 
to a height of 100 feet, and the superstructure so arranged 
as to admit of the train passing through, while for the 
succeeding openings on either side, it was dropped below 
rail level thus allowing the train to pass over the top, and 
thereby reducing the elevation of the two neighbouring 
piers to 70 feet, whence the grade descended to the abut- 
ments at each end, leaving a height of about 45 feet from 
the lower mde of the truss to low water, at these points. 
The bridge as thus arranged, contained twenty-two piers 
and two abutments, with solid approaches from either shore, 
extending out to a depth of five feet of water, and measur- 
ing 1350 feet on one side and 1710 feet on the other, 
making the entire length of the bridge about ten thousand 
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feet. Thisie tiie first instanoe in Oieliistoi; of (be bridge, 
of embankmeota beiog made use of, aod regarded u an es- 
sential feature in the design, for withont them the gradient 
in descending from the centre, in order to luii^ the level 
of the rail vithin a useful limit for commeraial porpOBCSt 
on each side of the river, would, before r«fM^i% the shore, 
cause the snperstmotnre to be brought within the range of 
the ioe, and so cause ita destructioo. This might indeed 
be obviated bj carrying the piers near the land up to lail 
IcTcl, but as this would necessitate running through the 
superstmoture, instead of over, the general spoinetry of tJift 
bridge would be destroyed, », apart ftom eoonomio ooiui- 
derations, if the piers throughout were bron^t up to rail 
level, and the superstructure arranged aocordin^y, then «• 
have the paHsengers confined in a tunnel two miles long, 
with all its dteagreable c<»ineotions, or if t^e apans were so 
arranged as to admit of an iron bridge open at the top, 
the side trusses would be so high that it would become % 
long trough, whiob, unless open at (he bottom, would fill 
with snow, and in summer effeotoaUy deprive the passen- 
gers of that view irom the windows of the train constituting 
one of Uie great attractions of the brid^ On the other 
hand, by the arrangement proposed, the appearanoe of ths 
bridge with passing trains is improved, the snow avoided, 
and the monotony of the outline broken by the single 
elevated tube in the oentre, which would so clearly indioate 
the channel to thoee oav^ting the river, — the pleasuis 
and comfort of the paasengers enhanced, economy and 
Safe^ to the struoture secured, and if built of wood, the 
risk of fire greatly diminished. The above &rm some of 
the arguments brought forward by the Engineer for the 
solid approaches in so far as they are necessary for the 
bridge pnq>er. We will sow refer to another usefiil purpose 
they vera intended to mstn, ia oonnnition with ths 
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aevi-MiaQal flooding of Montreal, caused by the ioe-jams 
oppoeite the city. In examining the local phenomena of 
the river at tiiis place, Mr. Keefer went into the subject at 
length, fnmi which the following theory was adduced. 
The destructive effects of the ice are incident to the eleva- 
tion of the river, and the sudden slipping of some of the 
iee dams formed during the season of the flow. This led 
him to the consideration of the localities and mode of 
Ibnnation of these obstacles, and whether any means could 
be devised for overcoming or guarding against their fiiture 
oocorrenee. After starting with the fact that the ice flrst 
takes in Lake St. Peter, fifty miles below the city, at a 
point under the junction of the main branch of the Ottawa, 
and seversd other larg^ rivers, he shows that the ice lodg- 
ing on the shoals at the entrance to*ihe lake, causes an eleva- 
tion of the water between that place and Point-aux-Trembles, 
near the city, seldom higher than five feet above the ordi- 
nary suimner level, while at the same time in the harbour 
of Montreal, but a short distance farther up, it ranges from 
16 to 25 feet above the same datum. The causes leading 
to this great difference could not be attributed to any 
action of the ice below, and must therefore arise fVom cir- 
cumstances governing its formation and movements above 
Montreal In tracing this result to its origin, he arrived 
at the conclusion that the large area of water between 
Montreal and Lake St. Francis, remaining open after other 
portions of the river were closed, furnished the fields 
whence the supplies of ice were obtained for forming the 
dam at Montreal. Thus Lake St. Francis, from its com- 
paratively still and deep water, closes early and arrests the 
ice coming down the St. Lawrence from Prescott, causing 
the river to flush back to Cornwall. Nuw did the compa- 
ratively shallow Lake St. Louis, with its strong current, 
close before, or at the same time, with its neighbour above, 



4A A GLASOS AT THX 

it wonld in torn arrwt tbe ioe escaping from Um laks, ud 
prerent it dwoending the Laohine npids to Mcntrettl, 
togetlier with the Urge Bnunnt of bordag&'ioe feimed on 
ita own ba^ knd shoras, frequently' broken np bj winda 
and warea before the l&ke ia entirely oloaed up, and pro- 
bably lesaen'the innudation at filontreal fifty per cent. In 
&ot thia result ia demonstrated during any winter whioh 
Beta in with nniatermpted severity, oloaing the lake early, 
oaoaing leas time and opportunity for the ioe to become 
detaohed from the ahore, and followed by a diminiahed iiM 
at Hontreal. But if on tbe other hand the early part of 
the winter be mild or changeable, and accompanied by 
much wind, the bordage-ioe may be broken off repeatedly, 
by the awell, and a large amonnt ia furnished for the dam 
at St. Helen's island, thw explaining the apparent anomaly 
of greater inundations in " open " winters and less in se- 
vere ones. A seoood ^nitful souroe of supply ia the large 
basin existing at Laprairie, a few milea above Montreal, 
which remains open ontil its depth ia inoreaaed about tat 
feet by the ioe-dam below. Ite extenaive shoals and mar- 
ina are oonverted into fruits nurseries of bordage ice, 
oonstantly augmented by fragments brongfat down from 
above, so that when liberated by the ruing of the waters, 
or action of the winds, large fields of strong clear ice are 
sent down as extenaive oontribationa to the fund below. 
From this Hr. Keefer draws the inference, that if the 
bordage-ioe can be retained in ri(u and the taking over of 
&e Laprairie bay expedited, a very large proportion of the 
supply frimifihed for the dama wonid be oat off and ihtix 
extent correspondingly diminiahed, which duty he propo- 
sed to aooomplish by the solid approaches from eitlier side 
of the river thne converting them into a aonroe of protec- 
tion, rather than aa many would sa[^K)Se of danger, from 
any anticipated rise <i£ water which might fbllow their 
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oODstmetbm. We regret that this ocoamon does not admit 
of more than the foregoing imperfect synopeis of this inge- 
niouB theory, and the dear and ahle arguments with which 
it is snhstantiated by the originator. 

In the erection of the piers, Mr. Keefer proposed nsing 
eoffer-dams to admit of the water being pumped out and 
the foundation properly started from the solid rock. It 
does not appear from his plan and report, that any provi- 
sion was made in the design of the piers to resist or throw 
back the descending ice. This he proposed doing by an ex- 
tension of the coffer dam on the upper side, elevating it to 
a height of about 30 feet above summer water level, and 
providing it with a sloped face in front for the ice to slide 
up on, and fall back on itself, thus preventing it coming in 
contact with the pier sheltered behind this bulwark. These 
cribs or rather islands, as they might be termed, were en- 
tirely detached from the masonry, and calculated to yield 
slightly by their elasticity to the shock, pressure, and 
grinding of the ice, and, from the description of material 
used in their construction, admitting easily of repairs when 
necessary. They were large enough to furnish service 
ground for material, machinery, plant, &c., used in the 
construction of the bridge, and forming still water in their 
lea for mooring scows, barges, &c. They likewise yielded 
protection for the springing of the arches, the lowest and 
most exposed part of the superstructure, if wood were 
used. To arrest partially the flow of ice from above, and 
so break its force before coming in contact with the ice- 
breakers of the piers, detached cribs were to be placed on 
various shoals above the line of the bridge. This method 
of protecting the bridge by detached-ice breakers, con- 
structed of crib-work, is probably the only weak point in 
this otherwise admirable design, but, as the subject will be 
more fully gone into further on, we will in the meantime 
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only add that the first deirign, prepared hj VInBsn. 8te- 
pheneon and Rosa, was provided with ice-breaken veiy 
«imilar to those proposed by Mr. Keefer. In ooneidering 
the important subject of snperBtractiiTe, the En^neer's 
attention was directed in the first place to the euepension 
principle at that time abont being applied to railway pm>- 
poses at Niagara. In the inTefltigations then entered into, 
he arrived at the eonclnaion, that where a channel is too 
wide to be spanned by beams, or arches, and when the 
depth of the water or narrow cbesms makes piers or towers 
impraotioaUe, the suHpension bridge U the only and most 
eoonomio^ reaoaroe. For rulway purposes a single span may 
be made available, bnt for a long bridge, wheroa snocession 
of spans are required, if conetmcted in the ordioaiy man- 
ner, the vibrations would be destraotive to the work, and if 
bnilt on any other principle, their economic advantages 
disappear. This, taken in oonneation with the vastly 
increased quantity of masonry required, rendered a bri^e 
on this plan for more expensive than any other class of 
structure adapted for the same site, and at onoe precluded 
its adoption. In thus disposing of this character of road- 
way Mr. Keefer had the satisfaction afterward of having 
his views fully and strongly substantiated as will be seen 
when we oome to the designs as prepared by Messrs. Ste- 
phenson and Rosa. 

This conclusion having been arrived at, it became evi- 
dent that nothing short of a solid bridge, either in wood or 
iron, would answer the purpose, two olassea of material 
widely differing in oharaoter, yet both extensively used 
ftir the aooompliehment of the same end. At this period 
iron bridges had not been introduced into the railway 
system of America, where its rival wood, oflered so muoh 
oheaper a substitute. The importanoe of substituting im- 
perishaUe ibr periahable md inflammable material in the 
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ereetioii of this great bridge, was strongly felt by Mr. 
Keefer, wbo had in view the tubular principle as discovered 
and developed bj Mr. Stephenson, but as its adoption 
would entail an additional expenditure of $2,000,000 he 
knew it would prove a fatal condition to the then purely 
private commercial project, if demanded as an essential 
feature in the design. He insisted however on the centre 
span being four hundred feet in length and surmounted 
by a tubular iron beam at an additional expense of 
$172,000 than if it were of less width and built of wood. 
This he considered essential for the navigation, as well as 
to afford security against the chimneys of passing steam- 
boats, and cutting off communication in the event of fire 
occurring, thereby exposing only half of the structure to 
destruction. 

This being the extent to which under the circumstances 
he was justified in making use of the more expensive road- 
way, and, after expressing a hope that the superstructure} 
he was now to propose, would in course of time be replaced 
with the more durable iron tubes, in the event of the pro- 
ject being taken up at any future period as a public under- 
taking, he then proceeded with the general design for the 
remainder. The class of superstructure determined on, 
consisted of a strong rectangular open built hollow beam, 
assisted by deep open built arches. The two systems of 
arch and truss, however objectionable in iron bridges, have 
proved to be susceptible of advantageous combination in 
numerous instances when built of wood, as the elasticity 
of timber permits both systems coming into play without 
injury to either, when a strain is upon them. Mr. Reefer 
refers to the experiments at Menai as establishing the su- 
periority of the rectangular form for hollow beams in iron, 
and remarks, as a singular fact, that the best form of 
wooden bridge for wide qpans in America, was long pre- 
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Tious to the Metiai tnbe, a type in vood, of that oelebnted 
work, adding that the strength in both caBes ia collected 
near the fooi anglee. The sides, top, and bottom in the 
iron wonder Berriog cbicfl; to majntain the relative por- 
tion of the vital parts, while in the wooden tube the 
Btrength mtut be in the top and bottom chords, BBBisted 
and retained In place bj the introduction of tfae aoxiliaiy 
aich. He then speaks of the gradual improvements which 
have taken place in this species of wooden bridge, from the 
daja it served for common traffic up to the time it was 
adapted for heavy locomotives, and argues that inertia haa 
been aaorificed for mere stiffness, and therefore prqndi* 
oial to the structure when absorbing the momentum com- 
munioated by the sudden impact of locomotives weighing 
thirty tons and moving with a speed of 30 miles an hour. 
To obviate this, he recommended a heavier clasa of snper- 
atructnre than generally made use of, and designed the 
truss part with a view to support its own weight and m- 
boduced the arches as auxiliaries for the passing loads. 
The truss was thirty feet deep, and so arranged as to permit 
the road being carried over the top, and effectually pro- 
tected {torn danger of fire by having the aidea, top, and 
bottom cosed in, and under a constant surveillance for 
additional precaution. The life of the bridge thus con- 
structed, and protected from the action of the weather and 
contingency of fire, was estimated to be about half a cen- 
tury. No provision was made for ordinary traffic, as in 
winter during the few days it would be required before the 
taking of the ice, the carriage way inside of the truss would 
be impassable for want of snow, and in summer the ferry 
boats running to different points of the harbour, would 
snooessfully ooropote with the bridge for local trade ; the 
revenue consequently would not pay the cost of collection, 
though a footpath could be projected fi-om the side and 
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become profitable, as it would be a fayourite resort during 
tbe smnmer months to tourists and others. The estimated 
ooet of the bridge, if built on the forcing plan, with the 
large span of iron, was SI ,600,000, or if iron tubes were 
used throughout S3,600,000. We have endeavoured 
to give a short account of this bold proposal for crossing 
the St. Lawrence, at a point pronounced impracticable by 
Mr. Keefer's predecessors, but are aware of the utter impos- 
sibility in this imperfect sketch of doing the subject that 
justice to which it is entitled. The idea brought forward 
of carrying the railway traffic over the St. Lawrence, above 
the tallest masts of the lake craft, on a structure that 
would bid defiance to all the powers of the river, must have 
been as startling to the committee, as was the nearly similar 
project of Robert Stephenson to the British House of 
Parliament. It is true, the genius of that illustrious man 
was to be invoked in the erection of the tube over the 
channel, and, did the means admit, the remaining tubes 
likewise ; but at the same time, apart from this, every un- 
prejudiced mind must admit, as did Stephenson himself, 
that an enormous stride towards success had been taken 
by Keefer ; that he had in fact solved the problem, in re- 
ducing the question from a dead impossibility to a living 
certainty. The fieither of the bridge and his friends could 
now exult in this successful result as an earnest of what 
must speedily follow. The confidence, even in the darkest 
hours of its history, which led them to become personally 
responsible for the sum of $6,600 to enable Mr. Keefer to 
proceed with the survey, was about to receive its full frui- 
tion in the prospect of the bridge becoming a reality ; but 
apart from such minor considerations, so satisfactory a 
demonstration that the object for which they had con- 
tended for years, was not a phantom of the imagination 
but soon to assume shape and being, must have furnished 
food for deep gratulation. 



CHAPTER VL 

ALEXANDBB U. BOSS. 

We are now approacliing s period when tbo Tailwtif 
ByBtem of Canada was tttiily launched iato ezutence, em- 
bracing ID ita ramifications the oonstmction of a oontinnoiiB 
line &om Trois-Pistoles, about 150 miles below Qnebec, to 
PortSamiaon Lake Huron, and thence to Detroit. The 
apathy engendered by hard timeB had passed away with 
them, and railways became the politics of the countiy. 
From the Ooremor General and the premier down to the 
hnmbleBt political demagogue, " the civiliEing influenoea " 
formed the topic of the day. The Provlnoe was seited 
with a railway mania, and granted charters to projected 
lines in every direction. Newspapers teemed with leading 
articles and pamphlets multiplied. Rulway literature was in 
the ascendant and plank-roads at a dieoount. Haeadam, 
en^neera, and canal men were voted slow and nnaUe to 
keep up with the times, while railway professionals were 
the bright particolar stars on whom the deetiny of the 
oonntiy hinged. In the midst of all this excitement ap- 
peared the celebrated railway letter from Mr. Hinoks, ad- 
dressed to Sir John Packingham, olomng abruptly the 
negotiation with the Imperial Oovemment for the need- 
ful, and followed shortly afW by an aunounoement at the 
birth of the Grand Trunk Bailway Company, with a capital 
of 160,000,000, and subsequent agreement with the firm 
of Jackson, Peto, Brassey and Betts, to bnild the road. 
It ia not oar intention to glance at the diflBonl^es whieh 
oocmrod relative l« the settlement of this ooatraot. The 
wori: is now aoMnni^iahed, and^iebadiMliDgB whwhwere 
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engendered at the time have passed away and are bnried 
in obHvion : their disenterment would serre no good 
purpose. We will therefore welcome the arrival in the 
Provinee of Mr. A. M. Ross, the chief engineer, and des- 
tined to be intimately connected with the work which 
constitutes our country's boast and the wonder of the world. 
This gentleman had long been associated with the 
Stephensons, on some of their most important works, and 
was justly regarded as their rightrhand man, and one of the 
most competent men in England to be entrusted with the 
supreme conduct of this gigantic colonial undertaking. He 
had rendered most valuable assistance in the construction 
of the Holyhead line and Conway Bridge, alluded to in a 
former part of this article, as well as having been connected 
in a very prominent manner with many other works, if not 
so extensive, yet as important, and was generally r^arded 
by the profession as jxxr excellence a bridge engineer. 

On his arrival in Canada, he put himself in communica- 
tion with the (Government, and was referred to a prominent 
member in the person of the Hon. John Young, at that 
time Chief Commissioner of Public Works. What a fortu- 
nate meeting was this for a bridge projector and bridge 
engineer ; we can fancy the topic of conversation to have 
been *' the bridge," as both gentlemen left Quebec the same 
evening for Montreal, one of them no doubt fully charged 
with interest in, and curiosity to become acquainted with 
the place so graphically described by his companion, while 
the other would in turn burn with anxiety to learn the 
views of the celebrated engineer on his visiting the locality. 
The day following their arrival in Montreal, the two gen- 
tlemen, in company with a third, visited in a canoe the 
different sites proposed for the bridge, not forgetting the 
special project of crossing from St. Helen's island to the 
east of the Market Place, with a qpan of unheard of di- 
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jofimitvtK M»>t thenoe by arches northward to Oote i 
Unrrtft. \^ dovenl hoon crmse on the water, in the 
|irimi«£<« WM^ Mr. Boss argued at some length gainst 
thf f«y^(Mtion of building a bridge of saoh oharacter and 
fiAA ■»*" *XHi, strongly advocating the introduction of iron , 
MmI w wd Mr. Young's words in afterwards writing of 
«ttftb tlwa took plaoe, " described the identical structnre 
MtlM>«t^>>tly adopted." With all doe deference to that 
^Mtteiaan's recollection of what transpired so far as pertains 
to the iron sapetstmoture, we think his memory scarcely 
snvea with regard to the masonry, from the circnmstance 
of the first arrangement actaally proposed by Messrs. 
Stephenson and Ross, differing materially in so &r as the 
piers were ooncemed, from the one at present existing. 
To prove this a short quotation from Mr. Stephenson's 
report in 1859 will suffice : " In the first design for the 
Victoria Bridge, ioe-brcakers very similar to those pro- 
prosed by Mr. Keefer, were introduced. In Eoropeaa 
rivers, and I believe in those of America alsj, these loe- 
brealcers are usually placed a little way in advance of, or 
rather above the piers of the Bridge, with a view of saving 
them from injury by the ice shelving up above the level of 
(frequently on to) the roadway." Thus we find the inci- 
pient design at that time bears a strong resemblance to the 
one proposed by Mr. Keefer, when divested of ita wooden 
Buperstructnre and replaced by iron tubes. We make 
this extract to shew that the piers then projected did not 
assume their present form until an after period. The re- 
sult of the voyage was on the whole most satisfactoTy both 
to Mr. Young, as ^viog assurance that the subject would 
receive the earnest oonsideration of the eminent et^neer, 
and to Mr. Boss, as furnishing a splendid field for the 
ezerdse of his " peculiar talent" in the event of the stmo- 
tim itang prooeeded with. Before golDg fortlwr with the 
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sabject, it is necessary to revert to ciicomstances oonnected 
with the history of the road, as fambhing a elne to what 
sabseqnently followed. Prior to the formation of the 
Grand Trunk Railway Company, a charter had been 
granted to a company consisting of Messrs. Toung, Gait, 
Holton, and others, with the view of constructing a road 
to *Eangston, to which reference has been made as the 
one surveyed by Mr. T. C. Keefer. The location of 
this line was some distance back in the country, and there- 
fore removed from the most influential and populous por- 
tions bordering on the St. Lawrence. So much was this 
felt, that a strong political pressure was brought to bear 
against the scheme, and resulted in the government direct- 
ing their chief engineer, Mr. Samuel Keefer, to have ad- 
ditional surveys made between Kingston and Montreal, on 
what may be termed the front or river line. This gentle- 
man's examination ended in the present admirable location. 
A difficulty now arose in bringing this section under the 
control of the Grand Trunk Railway Company, owing to 
the existence of the charter in the hands of the parties 
above named, who were prepared to comply with its re- 
quirements and anxious to proceed with the work in ac- 
cordance with its stipulations. Before this period Mr. 
Young, on his accession to the Government, had resigned 
his official connection with the Company, and was at the 
juncture applied to by his late confreres, for advice as to 
the course they should pursue in the emergency. That 
gentleman, still adhering to his purpose of years, recom- 
mended the surrender of the charter, in the event of the 
Grand Trunk making the construction of the Victoria 
Bridge a prominent feature in the agreement. This ad- 
vice was acted on, and thenceforth the history of the work 
became intimately connected with the Grand Trunk enter- 
prise. In the prosecution of this survey, Mr. Samuel 
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Eeeftr's atteatioD was direoted to a rfr«xamii]ation of tib« 
river to asoertain whether anj imprareiDeiils could bs 
made in a site for the bridge to that pr«vioiuIy adc^ted 
hj his brother Thomas. Aeeordinglj in the month of F^ 
brnary, 1S&2, a most extensive and minute Hnrvej was 
inatitated, and an amount of infonnation gathered, wMdi 
admitted the exereiae of the nicest jndgment in the deoi' 
■ion to be arrived at. On the elaborate chart of the River 
St. Lawrence at Montreal, prepared from this bydngrft- 
phie snrve;, be proceeded to lay down the present line tX 
the bridge, differing from the previous one in being at 
right angles with iLe ajis of the river, aad about half a 
■ mile higher np, or starting frosi Pointe St. Charles, ^ of a 
mile above, and resting on the opposite shore ^ of a mile 
from thepoint reached by the origiDal line, and shortening 
tke distance materially. On the retorD of Mr. Boss from 
England in the Spring of 1653, this deviation was sub- 
mitted for bis approval, and met with hia unqualified ap- 
probation. The rite of the Bridge definitely determined, 
and a seetion of the river obtained, Mr. Ross proceeded, 
during the summer of 18&3, to mature the general deugn 
of the present etmctute, with which hie name mnst ever 
be iatimately associated. The clear headway over the 
navigable channel being establi&bed by the aathorities at 
60 feet, as afibrding sufficient height for steamers, the 
only |claH of vessel capable of deseending the Laebine 
Rapids, in the present state of the river at that point, 
enabled him to introdsee the easy grade of 1 in 130 each 
way from the eentre opening ; and having determined on 
36 feet ui the limit which would afford ample security 
against any probable rise of water and action of ice, pro- 
duced &e skeleton line of the BaperstnietBre each way 
from the centre on the grade mentioned to that level, and 
oonverted the lemainder of the distance to itv shoisB on 



YICTOftlA BBIDGI« 67 

«wd& Ai» into solid approadies forming 1200 feet in kngtli 
ai Pointe Si. Charles, and 800 feet on the o]^>osite side 
of the river. This arraDgement brought the rail level to 
the Datnral sur&ce of Uie ground, and in immediate con- 
leotion with the extensive machine-i^ps and station- 
boildingS) afterwards erected near the end of the north 
approach. In dividing this intermediate c^Ktoe into spans, 
it beoame an important question to determine the eoono* 
mie relation, whioh should exist between the piers and 
•aperstractore^ keying in view also the governing oon- 
nderation of navigation, and the ioe-way requbite for pre* 
venting the obstmction of the river by dams. In making 
this nice oaloulation, Mr. Roes arrived at the conclusion, 
that the side spans should not exceed 242 feet opening, 
while the centre one, being over the main channel, and 
firom other local causes, must be at least 330 feet. That 
this was a correct arrangement may be inferred firom a 
subsequent estimate with the view of ascertaining whether 
the spans might not be increased in length, and the masoniy 
made less. Thus, to diminish the number of piers, by 
one only, on each side of the centre span, would in the 
item of masoniy save nine per cent, or about (200,0P0, 
while on the other hand, the spans would be increased 
exactly ten pent, adding 20 per cent to the cost of super- 
jtructure, as the proportion due to the sectional area of the 
tubes by this increase, which would amount to about 
$320,000, or $120,000 in excess of the present arrange- 
ment. This result bears a striking resemblance to Mr. 
Keefer*s proposed spans, but arrived at by an entirely diffe- 
rent process. ^ The arrangement gives 24 spans of 242 
feet in the dear, and one of 330 feet. These important 
points having been established, Mr. Ross's attention was 
tiien directed to another feature in the design, of still 
greater oonsequ''«)oe, vis. the determination of the most 

o2 
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suitable fonn of pier for resisting saooessftdly the force of 
the ice. In considering this part of the sal>jeot, he was 
ftdly aliye to its great importance, as constituting the 
vital condition in the stability aimed at, being wdl aware, 
from what he had seen personally, as well as learned 
from others, of the enormous forces to be encountered by 
^e piers, and abutments, (roughly estimated in Sir Wm. 
Logan's artide on the subject, as exceeding one million 
tons of ice each minute). We have before referred to the 
oiroumstance of the original design, containing detached 
ice-breakers placed in front of the piers, resembling in 
some respects those proposed by Mr. Keefer. On more 
mature consideration, this arrangement was abandoned 
by Mr. Boss, and the masonry of the pier extended on 
the up-stream side with a slope of 1 to 1 presenting an 
angular face to the ice. This was done partly with the 
^ewof gaining the assbtance of the whole weight of the 
pier, to resist the pressure of the ice, and at the same 
time present the least amount of Bur£EU)e for it to impinge 
upon, obviating a considerable annual outlay for repairs. 
In treating on this part of the subject, we think it nece»> 
sary, in order to a correct understanding of this most im- 
portant change made by Mr. Boss, to give an extract from 
his letter to Mr. Stephenson, as joint en^neer, dated No- 
vember 30th, 1855. In arguing against Mr. E[eefer's ice- 
breakers he observes, '* You will also perceive that those 
quarter-acre islands would occupy 25 per cent, of tiie 
water breadth of the river, one of the most prominent rea- 
sons for their abandonment when first consideTed. The 
space occupied by the piers as being executed, is only 
seven per cent. This is a most important fbature in the 
relative merits of the two modes of construction. Our 
present dams are generally about 5 to 6 feet above sum- 
mer water level, and cover an area corresponding nearly 
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with that deseribed ; latterly we have oonstnicted them 
Bimilar to those, filling the external barrier with stones, 
and the inner with clay, necessary to render them water 
tight. The force of the current is necessarily increased, and 
the natural consequences, owing to the fragile nature of 
the deposits fiNrming the bed of the river, is to undermine 
rapidly the part exposed to the action of the waters, thus 
rendering them more insecure every day, and requiring an 
immense amount of expensive labour for their protection. 
I mention these fiiots which our experience has brought 
to light, as an additional reason why we should not re- 
sort to such an objectionable mode of construction. As to 
their oost^ assuming the existing dams to serve the pur- 
pose as far as they go, we should have to raise them to 
tiie height of 25 feet above their present level, and add 
as much to their length up stream, as the necessary slope 
at the end would require. These ponderous erections would 
measure about 350 feet in circumference, and from their 
foundations to the top would measure 40 feet, 25 feet 
above the present dams. The wall thus formed of timber 
and stone, would be about 20 feet in thickness ; the cubio 
contents of this mass above the level of the present dams, 
would be 200,000 feet, and the masonry saved thereby 
would be exactly 20,000 feet, which is all that is required 
to form the stone cutwater or ice-breaker attached to 
the pier. I believe no man capable of instituting a com- 
parison, and with these fieusts before him, will for one mo- 
ment hesitate in giving the preference to the ice-breakers 
as now being executed ; their more permanent efficiency, 
founded in eveiy instance upon the solid rock, placed 
beyond the reach of any influence exerted by the currents, 
and their incomparable preeminence in relation to the 
space they occupy, together with their immunity from 
accidents (not requiring repairs of any kind), a light i^ 
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wMeh tlie otber mode can nerer be regarded, and, Ititly 
though not least, Aeii evident economy in &e firat ooet, 
plaoe thran immeunnibly in the scale of moit beyond Hm 
temfOTsry mode mggeeted as the Bafaetitnte, on grounds 
which I think I hare made clear, an altogether untenable.' ' 
The following, la a brief description of the form uidoon- 
Btmotion of a pier, as matured by Mr. Rosa. The r»- 
quirement of the tube being 16 feet in line of Hba bridge 
by 21 &et transTerBely, the dimenaon of the |uerB, except- 
ing the two centre ones, were estaWahed at 33 feet in 
line of the river by 16 feet in widtJi, at the under side of 
the superstmoture. The upstream ride of the ehaft 4» 
scends witli a batter of 3" in 10 feet,to apoint in all euee 30 
feet above summer water, ferming the top or saddle of tho 
ice breaker. To form the ioe-breaker, the masonty at this 
point is extended horizontally up Btream, about 10 feet, to 
prevent ico coming in contact with the shait, ahouid it 
even reach that height, and from thence deeoends with a 
slope of 1 to 1 to a point 6 feet under sommer water level, 
or 36 feet from the bottom of the shaft, preeenting an 
angular or we^ fiioe to the current. At this point an off- 
set of one foot is made, and thence deooending in a ver- 
tioal line to die rook, still preserving the same angular 
shape. The down-etream end of the pier is brought down 
to within 28J feet of summer level, with a batter of 3" 
in 10 feet, where an ofiet tekee place of 1 foot, thenoe 
Seecending to snmmer water level with a batter 4^" in 
10 feet, thence to a point 6 feet under Hummer level with 
a batter of 1 feot in 5 teet, where an offiet of 1 foot take* 
place, thence vertically to the rook. The sideB of the pier 
leave the top vritk a batter of 3" in 10 feet to summer 
level, thence to 6 feet under the summer levd witb a 
batter in 1' in K', where the oAet of 1 foot oonus, 
tbenae ptnnib to the rock. The ditaenaoni of the ^et m 
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Oim increased ftom 33' x 1& at the top to 92' z 22^' st 
the fimadation. The two planes containing the wedge 
portion of the ice-breaker are dreesed smooth, while the 
remaining sides of the pier are left in their rongh or quarry 
state, with the exception of the angles, which have a margin 
draft of 6 inches. The two centre piers are 33' x 24' at 
tube level, and increase proportionallj in dimensions as they 
q^roach the foundation. The courses of masonry com- 
prising the piers run firmn 3kl0" to 1'.6", the individual 
stones of which range from 6 to 17 tons. Those in the 
cut-water are listened together by strong iron cramps 12/' 
z 5" X -^ thick, through which bolts 1^" diameter and pro- 
vided with a slit on the base for the introduction of an iron 
wedge, are passed six inches into the course below when 
the bolt reaches the bottom of the hole prepared for it in 
the lower course, the wedge is forced up into the slip, t&us 
dividing the iron and foroing it against the solid wails of 
its prison, from whence it is impossible ever to be with- 
drawn. The whole mass of the cut-water is thus converted 
into one huge block. We think any person who compares 
the two arrangements for guarding against danger from 
ice, will be convinced from the clear and powerful style in 
which Mr. Ross deals with the subject, that his views are 
eotrect, and that he has arranged the material comprising 
the pier, in the most perfect manner possiUe, for the ser- 
vice it is required to perform. An important feature in 
the character of the bridge is the formidable looking abut- 
ment at each end, and idiioh give so massive an appear- 
ance to the whole structure. They are 290 feet long by 
92 feet in width at the rock foundation^ and carried up to 
a height of 36 feet above summer water levd, for the re- 
ception of the ends of the adjoining tubes, which have a 
bearing of eight feet on them. At t^is level the dimen* 
sions are reduced to about 242 feet z 34 feet, from tiie 
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difierant di^ea and batten. A parapet ia tlien earned 
Vp-on all aides to a h^ht of 29'.3", terminating in a 
heavy projeotlng oomioe, with fiat liatela 16 feet in width, 
OfTOT the land and tube entrance, at each end of the abnt- 
ment, and, being in the Egyptian style of arohiteotore, 
the e%ct prodnoed ia extremely grand and impreerive, oon- 
Teying the idea to the speotator, of enormons solidity and 
BtrengUi. These abntmente are not in reality what they 
iqfipear to be, a solid mass of masonry, bat tudlow, eacdi 
hainng eight opening or cells 48 feet in length aad 24 it. 
in width, separated by oroaa walls in feet thiok, with the 
top arahed and oorb^ed over fonr feet under rail level. 
The flank wall on the down-stream mde, riung nearly per- 
pendicular, is seven feet in thioknese, and tied to the oross 
walls, while diat on the np-stream side slopes ftom its fonn- 
dation npwards to an an^e of about 46 decrees. Its thick- 
neee is 12 feet, and it reeta agunat the oroas walls before 
alluded to. It presents a amooth aur&oe to faoilitate the 
operaUona of the ioe, on which aooonnt its ferm has been 
determined ; and to insure greater reustance to the pressure 
of the ioe, the oells are partially Med with earth, atones, 
and gravel so that one solid mass is obtained. The great 
length given those ahutmenta, is in view of the rapidity of 
the ourrent and the floating ioe sweeping aronod their outer 
ends, aAer striking the upper mde of the embankments, 
and which nothing but the most massive masoniy can 
KfliBt. The section determined fay Mr. Ross for the earth 
embankment leading &om tiie abutment to the shore, is 
pecnliariy well adapted for meeting the above of ice. The 
upper ude exposed to it is formed into a hollow shelving 
feoe ; the lower portion or foot of the slope has a straight 
incline of 3 to 1, extending to the bed of the river; while 
the centre part is a oircnlar curve of 60 feet radiua, mn- 
Ding in a tangent to the top, with an inolinatioa of 1^ to 1. 
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The large floeB of ice, in sliding up, cannot pass this 
carved section, bat break and fall back. The down-stream 
ade which is not exposed to the direct action of floating 
ice, has a slope of 1^ to 1. The fiices of the slopes on each 
side, are protected by a riprap wall of broken stones, from 
3 to 6 feet deep, and sarmoanted by a cat-stone coping 
3 feet wide and one foot thick, ranning on each side, the 
entire length of the embankments, and terminating at 
the end in two massive Egyptian pilasters, bailt in rook- 
6ce ashlar. 

The embankments as completed are 28 feet in width 
at rail-level. 



CHAPTER VII. 

TsE gapentroetoray as designed by Mr. St^eBflOii| 
eoneiflts of 25 tubes^ or, radier, as one oontinaous tube ez*> 
tends orer two spans, of 12 doable tubes, and the large 
central one over the channel. They are of the uniform 
width of 16 feet throughout, for the aooommodation of a 
single line of railway, but differing in height ae they i^ 
proach the centre. Thus, the depth of the tubes over the 
first two spans is 18'. Q'\ the next two 19 feet, and so 
on, every coupled pair gaining an additional six inches, to 
the centre one, which is established at 22 feet in depth, as 
the proper proportion obtaining for a beam 330 feet 
long. These side-spans being all the same length, the 
increase in height does not arise from any requirement of 
additional strength, but simply to prevent the appearance 
of too great a break being visible in the top line of the 
tubes, and, by graduating the difference in height between 
the ends and centre, to give greater facilities for the roof 
required in the protection of the tubes from mobture and 
consequent oxidation, and presenting at the same time a 
straight and continuous outline on top. 

These tubes, being detached, are not designed upon the 
principle of continuous beams, for practical reasons, in- 
cluding the circumstance of the steep gradient on each 
side of the central span, and the great disturbance which 
would be caused by the accumulated expansion and con- 
traction of such a continuous system of iron work, in a 
climate where the extremes of temperature are so widely 
apart. The arrangement introduced of coupling but two 
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together, with an intermediate spaoe of 8 inches between 
ihem and the neighbouring tnbeH, divides this movement 
and retains it within certain specified limits. 

A double tube, covering two openings, is securely bolted 
to the masonry of the pier in the centre, on which it has a 
solid bearing of 16 feet by 19 feet, and {Hrovided with a 
free bearing on each of the two contiguous piers of 7^ feet, 
resting at each end on 14 expansion rollers 6" in diameter 
and 3 fS^et in length, seven on each side of the tube, re- 
tained in place by a wrought-iron frame, allowing the rol- 
lers to traverse on a plained cast-iron bed-plate 7^ feet long 
3^ feet wide and 3 inches thick, bolted to the masonry. A 
similar plate covers the rollers, and is secured to the bot- 
tom of the tube. The tube is thus free to expand or con- 
tract each way from the bearing-pier in the centre. 

Creosoted tamarack timber, covered with felt, is intro- 
duced between the iron and the stone, in every case, to give 
the junction of these hard materials a certain amount of 
elasticity. 

The tube proper is composed entirely of wrought iron, 
in the form of boiler plate, ranging from j^ to |} of an 
inch in thickness, with the joints and angles sti£fened and 
strengthened by the addition of Tee and Angle irons. The 
secret of success in this mode of construction, lies in ar- 
ranging those different thicknesses where the strains or 
weights call for additional strength or otherwise. 

At the time Mr. Stephenson commenced his experiments 
with the models, prior to the building of the Britannia 
Bridge, he found the results obtained, differed so widely 
from those indicated by the formulae for determining them, 
that but little reliance could be placed on any deductions 
arrived at from their use. He consequently was under the 
necessity of prolonging the experiments to a much 
greater length than at first anticipated, but with a suooesB 
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which led to most important results in this branch of 
statics. 

These discrepancies arose to a certain extent, from the 
ability of wrought iron to sustain a compressive strain, not 
having been estimated sufficiently high, as well as the 
diversities existing among scientific men, relative to the 
character and extent of the different strains existing in 
rectangular beams. 

It is not our purpose to enlarge upon this subject farther 
than to state, that in a hollow beam supported at each end, 
and sustaining a weight, the upper surface in the centre, is 
exposed to a strain of compression, diminishing to the ends, 
while for the lower surface at the same points, the condi- 
tions are reversed, becoming tensile, — the sides acting as 
struts or braces to prevent those two opposite strains ap- 
proaching each other. In a beam of this description, there- 
fore, the excess of strength, must, on the top and bottom, 
be in the centre, and diminish as the ends are approached ; 
while on the sides, the conditions are again reversed, the 
centre requiriug the minimum of strength necessary for con- 
necting the top and bottom, with an increase as the ends 
or bearings are reached. 

Another consideration to be observed, in so far as the 
economic distribution of material is concerned, arises from 
the inability of wrought irdn to sustain the same amount 
of compression as tension, reversing the characteristics of 
cast iron, and which has been established, from the experi- 
ments alluded to, as being in the proportion of 4 to 5, — or, 
in other words, a sectional inch of iron in the top of the 
tube, can practically sustain but four tons, while the same 
area in the bottom, may receive as high as five tons with- 
out injury. 

The following table will shew the general distribution of 
material in the different parts of the tube, as arranged by 
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Hr. Stephenson, itardng in all oases from the oentre of 
the spans : — 
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BIDE PLATES. 
Banning at the oentre, and strengthened hy Tee ban 
inside uid out, placed at distonoea of 3', 6", — 
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Tbe fint apace of 36 feet fiom the centre ii fonned of i Inch plate, 
ThosecondBpaceof 451 feet " " " A " " 

The third " 36 " " " " A " " 

The remaining space " " " "A " " 

The sideB of the tabes at tbe bearing ends, are likewlae 
greatly stiffened by lateral bracing. 

KeelEODB, 10 inches in d^tb, are plaoed tr&naveiBel; at 
distanoea of 7 feet and eecored to the nde Tee ban by 
gussets, for the support of tbe longitudinal limbers cany- 
ing the rail. 

Tbe top of the tube is also supported bjr keelsons at 
the same distanoea apart, and the whole tube rendered 
rigid, hy stiffening gussets and double covers over every 
joint. 

The wrought iron in a single tube 258 feet in length, 
including its bearings over the piers, weighs about a ton to 
the running foot, or 258 tons in all. 

The central tube, in consequence of itsincreased length, 
is somewhat different in its arrangement; tlie bottom and 
top being proportionally stjonger,— the first with an addi- 
tional thickness of plates, and the last, with longitudinal 
keelsons 10" high, taking the place of the ordinary longi- 
tudinal Tee bars, as existing on tbe side tabes ; the ude 
plates are 2^ feet, instead of 3^ feet wide, with a propor- 
tionally larger number of side Tee bars. The whole tube 
is disoonnecled &om the others, being bolted to pier No. 
12, and resting on rollers on No. 13 pier. 

Windows are introduced Into tbe sides of the tubes 
near the line of neutral axis, and serve to light ap the in- 
side. Iron brackets are placed on the piers where not ocen- 
pied by the tubes, and slope btiol to tbe top of tbe tubes, 
but are entirely disconnected from it. They serve to ^ve a 
finished appearance, and likewise prevent the snow and 
rain Uowing in throngh the opeuings left for ezpasuoD 
and oontraotjOD. 
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It was originallj intended to cover the top of the tubes 
with a curved corrugated iron roof, to protect them from the 
weather. This design was subsequently abandoned and the 
present slofHiig angular one substituted, composed of 
grooved and tongued boards, covered with the best quality 
of tin. This tin is not put on in the usual manner, but, by 
an ingenious arrangement, each sheet is allowed to expand 
and contract at pleasure, without the danger of destroying 
the fastenings which attach it to the timber underneath, as 
in the ordinary method made use of, and thus insures its 
continual efficiency. 

A foot-walk 26 inches in width extends along the top 
of the roof, the whole length of the tubes, for the conven- 
ience of the employies connected with the work ; a track is 
also provided for the painting-travellers. 

The foregoing description will convey a general idea of 
the structure as designed by Messrs. Stephenson and Ross, 
and, in assigning each gentleman the individual credit due 
for this magnificent result of their joint labours, we find it 
a difficult matter to discriminate correctly. The iron work, 
in all its features and minutest detail, may be looked upon 
as the product of the genius of the first ; for it was he 
who originated, matured, and successfully applied the sys- 
tem at Bangor, and at the Menai Straits, and under whose 
immediate direction it has arrived at the state of perfection 
we now see in the Victoria Bridge. Valuable assistance 
was, no doubt, rendered by the second, in determining the 
proper spans for its reception, and for the successful man- 
ner in which it was carried out under his immediate super- 
intendence ; while, on the other hand, the origination and 
development of the equally important remaining section 
of the bridge, in all its admirable details of piers, abut- 
ments, approaches, &c., must be referred to Mr. Boss, al- 
though, no doubt, thoroughly examined and modified in 
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some respeotB b; Mr. Stephenson. Tia estimated cost 
may be put down .under the heads of 

Fir$t. — Approaches and abntments $1,000,000 

Seeoiid. — Masonry b piere between abntmente. .(4, 000,000 
Third. — Wroaght-iroo tnbnlar anperstructore. .$2,000,000 



Total $7,000,000 

Thb snm was afterwardB reduced to $G,000,000, bnt 
subsequently, in consequence of a bonus of (300,000, 
given the contxaotorB for completing it one year in 
advance of the time speoified, ^e ultimate cost of tiie 
straotnre oame te about $6,300,000. 



CHAPTEK VIII. 
UEB8RS. Stephenson's and boss's oontroyersy in 

DEFENCE OP THE DESIGN. 

A DESIGN of this extensive character oonld scarcely 
escape criticism, and we accordingly find, shortly after its 
maturity, many professional gentlemen, running tilts against 
its rocky towers and iron sides, with lances tipped with 
envy and malice, but in most cases profoundly ignorant of 
the objects against which they were directing their furious 
charges. For the information of the reader, we will notice 
a few of the most prominent of these attacks, before con- 
cluding the history of the design : — 

At the period of the introduction of the Tubular System 
and for some time after, there existed great diversity of 
opinion amongst engineers and savans, regarding the cor- 
rectness of the principle established by Mr. Stephenson, in 
the arrangement of the iron, especially in the sides of the 
tube ; some even going so far as to declare it to be a waste- 
^1 expenditure of material for the attainment of a given 
strength ; in short, that in the scale of comparative merits 
it stood at the very lowest point ; while on the other hand 
its advocates stoutly maintained the reverse, or that, except 
in particular cases, while it is not a more costly method of 
construction, it was the most efficacious one that had 
hithertofore been devised for large spans. Various arrange- 
ments of material for beams had been suggested, and 
brought into use in lieu of the tube as matured by Stephen- 
son, to two of which we will refer, premising that they were 
r^arded generally by that gentleman's opponents, as the 
most successful rival combinations yet effected, and that by 
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their adoption for the Violoria Bridge a saving of 70 per 
cent, in Buperstmcture would he made. Other engineers 
argued there vould be a vast reduotion in the masonry 
proposed for the bridge, as well as in the item of super- 
Btruoture, hy the introduction of the suq«&BioD principle, 
admitting as it did of greatly increased spans, and tLereby 
diminish the number of piers required in the proposed 
tubnlar arrangement. 

In the somewhat better disonBoon, which then took 
}daoe, Mr. 3t«i[J)enson'e attention was directed principally 
to the defence of bis favourite system, as opposed to the 
rival beams above alluded to, while Mr. Boss had tbe 
honor of taking up the gauntlet in behalf of the solid 
roadway, in opposition to the proposed series of suspension 
spans, recommended for the Victoria Bridge. 

Our attention will now be directed to the first gentle- 
man's arguments, but, from the necessity of condensation, 
their force will be greatly diminished. 

The three systems of heama undw consideration may be 
described as follows : — 

Firtt. — The tubular girder, or what is sometimes called 
the box girder, when employed for small spans, with which 
may also be named the single ribbed girder ; (he whole be. 
longing to llie class known as boiler-plate girdo'. 

Second. — The trellis girder, which is simply a subttitn- 
taon of iron bars, for the wood in the trellis bridges, which 
have been so encoesafally onployed in the United States, 
where wood is cheap and iron dear. 

Third. — The single triangle girder, recently called 
" Warren" from ft patent havii^ been obtained for it by s 
gentleman of that name. 

In those three different systems of beams, there exists 
no differrace of opinion amongst engineers, as to the rul- 
ing prineiple in the estimate of stnagth. Primarily and 
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60BentialIj the ultimate streBgth is considered to exist ia 
the top and bottom — the fonner being exposed to a com- 
pressiye force, and the latter to a force of tension from the 
action of a load — therefore if the different denominationa 
of girders possess the same spans and depths, with a Hke 
load to sustain, the amount of effective material in the top 
and bottom must be equal in each class. 

The dispute then comes down to the most economical 
and advantageous manner of connecting the bottom to the 
top, all other conditions being common to each system. 

In the tubular system this connection is made by the 
use of continuous boiler plates, rivetted together and stiff- 
ened by vertical Tee bars. 

In tiie second class, or trellis girder, it is accomplished 
by bars of iron forming struts and tiers, nunre or less nu- 
merous, intersecting each other and rivetted at the inter- 
section. 

The third class, or Warren's system, has the connection 
between the top and bottom effected with bars, not inter- 
aeotittg, but forming a series of equilateral triangles, being 
Struts and iien alternately. 

The reader has now before him ihe three rival systems 
of beams, upon which this part of the discussion hinged. 

In taking up the conrideration of the statement, that 
70 per cent, of material would be saved by the use of the 
tlurd class in place of the first or tubular, Mr. Stephenson 
proceeded to shew that the dimensions of his proposed 
tubes for the Victoria Bridge were 242 feet in span, 16 
feet in width, with an average depth of 19 feet, dimensions 
and proportions which would obtain, in either of the other 
systems, if applied to this locality. The weight of a tube 
of this size was known to be about a ton to the running 
foot, or 242 tons in aU. This material had been distnbui> 
ed with a view to the ultimate practical strain of 4 toni 
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oompressKm in tlie top and fi tons tensioD in the bottom, 
to eBoh incli of seotioDBl area, armng from a total wdght 
of 514 tons, including the weight of the tube, sleepers, 
ndls, and a rolling load of one ton to the lineal foot of 
superatmotare. 

The same amount of material being required in the top 
and bottom of the rival beam, to reaist under the same 
conditions an equal amount of strain, the alleged difference 
of 70 per cent, lu the total weight, must therefore exist and 
be sought for in the material making np the sides. To see 
how for this is in accordance with the actual state of the 
ease, the following analysis is made of the airangement 
proposed for distribution : 

Top of Tube TG Tons. 

Bottomofdo ea " 16B 

Sides 84 

Total 343 Tons. 

Viam Hob it is evident that both aides bear » proportjon 
to the total weight of onl; about 29 per cent. What then 
becomes of the assertion that the difference in material in 
the udes of the rival systems, b equal to seventy per omt, 
of the whole weight ? 

To make the contrast in poiut of efficiency and economy 
still more BtriUng, Mr. Stephenson proceeded to institute 
comparisons between one of the Victoria tubes and an 
open beam on the Warren or triangular principle, latdy 
built by Mr. Cubitt, on the Qreat Northern Kailwny, upon 
which all possible skill and science had been brought to 
bear, in OTder to reduce the total weight and cost to s 
minimum, IHia comparison is of great value from the 
similarity of spans and depth of beams, thus : 

Yiotoria Bridge span 242 ftet, weight, indadlng bear- 
iBgl^ 276 Uaa Sat a length of 267 feet ; Newark Bridge 
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span, 240^ feet, weight, inclading bearings, 292 tons for a 
length of 254 feet : shewing a balance of 17 tons in &- 
Yoor of the Yietoria tube, and rendered still more striking 
from the fact of the Newark Dyke bridge being only 13 
feet wide, while the Victoria tube is 16 feet, having a 
wider-gauge railway passing through it. 

The deflection on the Newark bridge, when tested by a 
strain of 6f tons to the inch sectional area, was seven 
inches in the middle, or 4f inches with a load reduced to 
one ton to the running foot. The Victoria tube yielded 
only I- of an inch, with an equal amount of rolling weight. 
Comment on these results is unnecessary. 

Greater difficulty was experienced in arriving at a rela- 
tive comparison with class No. 2, (held by some to be the 
most economical,) from the circumstance of there being no 
structure in existence possessing the same dimensions as 
the tubes. The nearest approach to these conditions ex- 
isted in the Boyne trellis bridge of three spans, with the 
centre one 264 feet in length, and 22^ feet in height. 
This bridge is built for a double line of way, with a width 
of 24 feet. Its total weight, including the beam itself, 
platform, rails, and a rolling load of two tons per foot, 
amounts to 980 tons, uniformly distributed. The super- 
structure is constructed upon the principle of continuous 
beams, a term which signifies that it is not allowed to take 
a natural deflection due to its span, but being tied over 
the piers to the other girders, the effective central span is 
shortened to 174 feet ; in fact, this principle changes the 
three spans into five spans. Now the effective area given for 
compression in this centre span is 113} inches, which gives 
a strain for the 174 feet span of nearly 6 tons to the inch 
in comparison. 

The reasons for not constructing the Victoria tubes on 
this continuous principle, have already been given, and 
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would operate equally against the principle being applied 
to the trellis beam, were it introduced into the bridge in 
place of the tabular system. But since the discussion 
rests on the merits of the sides, let the Boyne bridge be 
supposed to have sufficient area on the top to resist four 
tons per inch, (the proper practical strain), and let the 
spans be not continuous, an imperative condition in its ap- 
plication to the Victoria bridge, it will be found by calou^ 
lation, that the area required at the top will be 364 inches 
instead of 113^, and the weight of the span would be 
found by calculation to come but little short of 600 tons, 
(whereas it is now 386 tons on the continuous principle,) 
and if we suppose the Victoria tube to carry a double line 
of way, and 24 feet wide, with a depth of 22^ feet, even 
if we double the mse and quantity, the whole amount of 
wei^t will be certainly very little more than 500 tons for 
the span, ^ving a difference in £ivour of the tubular sj»* 
tern over the trellis beam of nearly 100 tons fer each qmn, 
in its application to the Victoria Bridge. In addition ta 
those satis&etory comparisons, Mr. Stephenson shews bene- 
fidal results arising from the continuity and solidity of 
the sides, in resisting horizontal and many other strains, 
independently of the top and bottcnn, by which the stiff* 
Bess is very much increased. 

With such a preponderance (£ evidence in favour df 
the tubular systen^ it is a subject <^ astonishment that 
diversity of opinion could exist, or that a controversy 
would be carried on by gentlemen to whom one would sup- 
pose these facts were palpable, even before they were in- 
troduced mto the discussion by Mr. Stephenson, but who 
from the dear, able, and popular style of treating the 
somewhat intricate subject, brought it within the scope aP 
the most or^nory reader, while, at the same time, the gen- 
tlemanly consideration shewn in the treatment of the aigo- 
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ments brought forward by his professional brethren, and 
courtesy exhibited while in the act of demolishing their 
strongholds, will ever render his written articles on the sub- 
ject modeb of professional controversy. 

Having glanced at the triumphant manner in which 
Mr. Stephenson emerged from his branch of the conflict, 
we now turn to the combatant in another field, and trace, 
in the words of a despatch to his associate engineer, the 
successful result which attended his part of the discussion 
relative to the suspension principle. 

'^ I find, from various sources, that considerable pains 
have been taken to produce an impression in England in 
favour of a suspension bridge, in place of that we are en- 
gaged in constructing across the St. Lawrence at this 
][^ace. This idea no doubt has arisen from the success of 
the Niagara suspension bridge lately finished by Mr. Roe* 
bling, and now in use by the Great Western Bailway com* 
pany, as the connecting link between their lines on each 
side the Niagara river, about two miles below the great 
* Falls, ' the situation and particulars of which you will 
no doubt have some recollection. I visited the spot lately, 
and fi>und Mr. Roebling there^ who gave me every fiEunlity 
I could desire for my object Of his last report on the 
completion of the work, he aho gave me a copy, which you 
will receive with this. I have marked the points which 
contain the substance of his statements. I also enclose an 
engraved sketch of the structure. Mr. Boebling has suo- 
eeeded in accomplishing all he had undertaken, viz : 
safely to pass over railway trains at a speed not exceeding 
6 miles an hour. This speed, however, is not practised, the 
time occupied in passing over 800 feet is three minutes, 
which is equal to 3 miles an hour. The deflection is found 
to vary from 5 to 9 inches, depending on the extent of the 
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load, and tbe largest load yet passed over is 326 tons of 
2000 lbs. each, whioh caused a depression of 10 inohes." 

" A precaution haa been taken to dimioisli the span 
from 800 to 700 feet, by building up underneath the ^t- 
form at each end, about 40 feet in length, interrening be- 
tween the towers and the face of the precipice, npon which 
they stand, and stmts have also been added extending 10 
feet forther." 

" The points involved in the oonsideration of this sn1>- 
jeot are, first, sufficiency ; and second, cost. These are in 
this particnlar case soon disposed of. First, we have a 
Btmotnre whioh we dare not nse at a higher speed than 3 
miles an hour ; in crossing the St. Lawrence at Montreal, 
we should thus occupy three-quarters of an hour, and, si- 
lowing reasonable time for the trains clearing and getting 
well ont of each other's way, I consider that 20 trains in 
the 24 hours are the utmost we could accomplish. Whea 
onr connection is complete across the St. Lawrence, there 
will be lines (now eiisting, having their termini on th« 
south shore) which with onr own line will require four or 
five times the aooonunodation. This is no exa^eiation. 
Over the bridge in question, opened only a few weeks, and 
the roads yet incomplete on either side, there are between 
30 and 40 trains passing daily. The mixed application of 
timber and iron in oonneotion with wire, renders it impos- 
nble to put up so large a work to answer the purpose rfr- 
qniied at Montreal ; we must therefore construct it entirely 
of iron, omitting all perishable materials ; and we aie thus 
brought to oonuder the question of oost. In doing which 
as regards the Victoria Bridge, I find that dividing it 
under three heads, it stands as follows ; 
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First. — The approaelies and abutments, 
which together extend to 3000 feet in length, 
amount in the estimate to $1,000,000 

Second, — The masonry forming the piers 
which occupy the intervening space of 7000 
feet between the abutments, including all 
dams and appliances for their erection • 4,000,000 

Third. — The wrought-iron tubular super- 
structure, 7000 feet in length, which amounts 
to 2,000,000 

(About $285*70 per lineal foot) making a 

total of. $7,000,000 

" "By substituting a suspension bridge, the case would 
stand thus: The approaches and abutments extending 
SOOO feet in length, being common to both, more especially 
as they are now in an advanced state, may be stated as 
about $1,000,000. 

" The masonry of the Victoria Bridge piers ranges from 
40 to 72 feet in height, averaging 56 feet, and there are 
24 in number. The number required for a suspension 
bridge, admitting of spans of about 700 feet, would be 
10, and these would extend to an average height of 125 
feet. These 10 piers, with the proportions due to their 
height and stability, would contain as much (probably 
more) masonry as is contained in the 24 piers designed for 
the Victoria Bridge, and the only item of saving which 
would arise between these would be the lesser number of 
dams that would be required for the suspension piers, 
but this I beg to say is more than doubly balanced by 
the excess in masonry, and the additional cost entailed 
in the construction at so greatly increased a height." 

" Next as to the superstructure, which in the Victoria 
Bridge costs $286*70 per lineal foot. Mr. Roebling in 
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his report statea the cost of hk bridge to have been 
$400,000. EstimatiDg his towers and anchor masonry at 
$100,000, which I believe is more than their due, we 
have $300,000 left for the superstmcture, which for a 
length of 800 feet is eqnal to $375, giving an increase of 
$89*30 per foot over the tubes, of which we have 7000 
feet in length." 

'' By this data we show an excess of nearly 10 per cent, 
in the suspension as compared with the tubular principle, 
for the particular locality with which we have to deal ; be- 
sides having a structure perishable in itself, on account of 
the nature of the material, and to construct them entirely 
of iron would involve an increase in the cost which no cir- 
oimistanoes connected with our local or any other considera- 
tion at Montreal would justify. We attain our ends by a 
much more economical structure, and, what is of still 
greater consequence, a more permanent one ; and as Mr. 
Boebling says no suspension bridge is safe without the 
appliances of iron stays firom below, no stays of the kind 
referred to could be used in the Victoria Bridge, both on 
account of the navigation and the ice, either of which 
coming in contact with them would instantly destroy them. 
No security would be left against the storms and hurri- 
canes so frequently occurring in thb part of the world." 

^' No one, however, capable of forming a judgment upon 
the subject, will doubt for one moment the propriety of 
adopting the suspended mode of structure fi)r the parti- 
cular place and object it is designed to serve at Niagara. 
A gorge 800 feet in width and 240 feet in depth with i^ 
foaming cataract racing at a speed from 20 to 30 miles an 
hour underneath, points out at once that the design is most 
eligible, and^Mr. Roebling has succeeded in perfecting a 
work capable of passing over 10 or 12 trains an hour^ if it 
should be required to do so. The end is obtained by 
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means the most applicable to the ciroumstanoes ; these 
means however are only applicable where they can be used 
with economy as in this instance.' ' 

With the views of Mr. Ros3 as above set forth, Mr. 
Stephenson entirely concarred, and, afler reviewing and 
exemplifying them to a greater length, ended with an elo- 
quent eulogium upon the skill and science displayed by 
Mr. Roebling in overcoming the striking engineering diffi- 
culties by which he had been surrounded at Niagara, evi- 
dently proud and happy in having met, in mechanical 
science, with a noble spirit kindred to his own. 

A sketch of the early history of the Victoria Bridge has 
now been given, including descriptions of the designs sub- 
mitted by various engineers ; and as to some the necessity 
for ihis course may not be evident, but regarded as taking 
up too much space and time, with what, to the general 
reader, may bo looked upon as a dry and unprofitable 
dissertation, we can only say, that as more than one 
claimant has appeared for the honor of first proposing 
the work, it has been the desire of the writer to give each 
his just due ; and should any injustice have been done in 
assigning to one that credit to which another is entitled, 
to place the subject fully in detul, in all its parts, before 
the world, so as to admit of a correct opinion being arrived at 
throu^ the medium of a free press and contemporary dis- 
cussion, as it is to such sources the fatoie historian of 
Canada must refer for material, when he alludes to the 
great work. In concluding our remarks on this branch of 
the subject, the following comparative synopsis of the diffe- 
rent plans proposed is given. 
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CHAPTER IX. 



JAHKS H0DGS8. 



Wx have now arrived at the period when the designs eo 
daboratel J matured on paper, were to receive material em- 
bodimenty — ^when, after the engineer had exhaosted aD 
his science, skill, and ability, in the office, in pointing out 
the method of encountering Nature's difficulties, and unable 
to proceed farther, he had now to retire, and allow others 
to come on the scene, for the purpose of carrying out his 
results in iron and stone ; to boldly meet, grapple with, and 
successfully subdue the heretofore unconquerable river, 
saying practically. Thus &r shall thy forces extend, but no 
farther. 

The railway development in England had originated 
men, who, to the shrewdness of contractors, united the 
scientific ability of engineers, and to whom that and many 
other countries, are indebted for the successful and ener- 
getic manner in which their private and public works were 
executed ; but towering high above all those was the cele- 
brated firm of Peto, Brassey, & Betts, with whom an 
agreement had been entered into for the construction of 
the Grand Trunk Railway, including of course the Yio- 
toria Bridge. 

These eminent gentlemen, with a world-wide reputation 
as contractors, have also established their names as house- 
hold words wherever railways have extended their civi- 
lizing influences ; for the sun cannot shine in any quarter 
of the globe without reflecting back its rays firom monu- 
ments of their enterprise, energy, and skill. In the prose- 
eution of works, nu^iy of w]u<di may well be termed nv 
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tional, tliey have trained up a staff of engineers, adapted to 
the peculiar services required of them, and, in their com- 
bined characters as practical mechanics and theoretical men 
have produced results which will render the nineteenth 
century the wonder of all time. 

Well did Robert Stephenson remark, when speaking of 
this system, that having sudi men as Peto, Brassey, and 
Betts, as contractors, with James Hodges for their engineer, 
nothing was left for his mind to dwell on but the poetical 
department of the profession. 

This gentleman had been in the employment of the firm 
ftr many years, and justly in possession of a larger degree 
of their confidence than any other member of the staff. 
He had, in behalf of the company, carried through some of 
the most extensive works in England. The great Northern 
railway, and the celebrated Lowestoft Harbour, owed their 
successful completion to his energetic character, while the 
chalk-cliffs of Dover, those natural bulwarks of the '^ sea, 
girt isle,'' had trembled to tlieir very foundations under 
the poweri^ forces he brought to bear against their solid 
walls. With the reverberations of that huge blast still 
ringing in his ears, he had retired in the prime of manhood 
to the seclusion of private life, in the enjoyment of a wellr 
earned competency, leaving the active pursuits of the pro- 
jfession he had loved and honoured so well, to other and 
younger men. This retirement was to be of brief dunir 
tion. The Canadian contract had been taken by the firm he 
had served with such ability and faithfolness. In the enor- 
mous staff of eminent men under their control at the time, 
there were none to whom they could with confidence entrust 
this gigantic and untried work, and but one individual in 
England who in their opinion was fitted to conduct it» 
That man we need scarcely say was James Hodges, a naaM 
now dear to many Oanadians, and who, at the eametl 
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request of his late employers, left the quiet shade of that 
honoured retreat in Surrey, to engage in a conflict with 
the most formidable material adversary ever encountered 
by man. 

In attempting to delineate the character of our late 
revered chief, we could dwell on the theme as one fiUed 
with the most pleasing reminiscences. The land and cordial 
personal confidence he ever solicited in the intercounw 
with his staff; the pleasure and gratification always 
exhibited when bringing his vast and varied mechanical 
abilities into play in assisting them out of the numerous 
difficulties over at hand; the high principles and rigid 
integrity by which he was actuated, and ever strove to 
inculcate by precept and example ; the simple manly and 
straight-forward style which characterised his daily walk 
and conversation ; his kind and feeling heart &r the mul- 
titude under his control, in providing ministers of the Gos- 
pel, school-teachers, and medical men, for their spiritual, 
moral, and physical well being, stamped him as one of the 
most philanthropic men of the day ; while among tJie 
thousands by whom he was surrounded, there beat not a 
heart more tender and sympathising than hjs on the occuxw 
rence of any of those fatal or serious accidents to life or 
limb, which always accompany the prosecution of so great 
a work, but in this instance reduced to a minimiiT q by the 
effective and careful provision provided in every depart- 
xoent. 

An intercourse extending over a period of five years, gaw 
the writer an opportunity of becoming acquainted with the 
numerous acts of kindness and charity, now no doubt £>iw 
gotten by the donor, but enshrined in the hearts of the 
recipients. Of the universal feelings of respect and at- 
tachment, as well as the unqualificMl admiration for hia 
aoient^ and mechanical ability, which pervaded all 
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classes in Oanada, we will not personally dwell on, but 
exhibit him as described from other and widely distant 
points of view. 

A writer in one of the leading journals of the Proyince, 
in the course of a lucid and able article on the Victoria 
Bridge works, thus speaks of him : " These figures convey 
some idea of the forethought and practical combinations 
which are necessary to carry out a design profitably to a 
contractor, and there are two ways of doing this. There 
is the harsh overbearing inconsiderate selfishness, which 
extends no thoughts to others, and views '^ the hands " 
in the cold material view of wringing from their labour 
all the profit which could be gained, without a thought of 
their comfort and happiness; and there is the zenith of 
this low view of the matter, and it has to be said to Mr. 
Hodge's credit, that the latter is the principle by which 
he has been guided. He has not contented himself with 
only looking to the interest of the firm which he repre- 
sents, but he has carried on the work like a gentleman. 
There have been trying times during the last five years, 
as any one may readily conceive, and Mr. Hodges may 
not have spared others, indeed it was not possible to do so, 
but he never spared himself. Where there was difficulty and 
danger, there he was to be found, and no man has been 
asked to go where he would not have had to follow. Disap- 
pointments and accidents and temporary failures form 
chapters in the history of all such undertakings, when they 
are written, but generally tlie world never hears of them. 
They come and cost anxiety and pass away, and re-appear 
again to be triumphed over periodically, to be met with 
only to create renewed energy.'' 

At a public dinner given to the late employ^ of the 
Victoria Bridge, after Mr. Hodges' departure from the 
QOimtrj, one rf the mget distinguished engineers in Axne- 
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rica spoke as follows : " It is my firm oonyiction, gentle- 
men, that the contractors never, in any of their great enter- 
prises, displayed more wisdom and sagacity, or greater 
ability to cope with great difficulties, than in selecting Mr. 
Hodges for the arduous work of placing theV iotoria Bridge 
where it now stands, as firm as the rock it rests upon. It 
is not enough to say, gentlemen, that no better man could 
have been found for the place. I go farther and assert^ 
that in any community, however large, of intelligent and 
able men, it would have been a difficult matter, a very diffi- 
cult matter indeed, to have picked out a man so eminently 
fitted in all the various qualifications it required, as Mr. 
Hodges has proved himself to be for conducting the great 
work to a successful completion ; and, gentlemen, it was 
not only in his dealings with the St. Lawrence that he 
proved himself a man of resource and a skilled and patient 
workman, but, better still, in his dealings between man and 
man he has proved himself to be that which the poet has 
termed ' the noblest work of Gk)d, an honest man.' 

" It is but negative praise, gentlemen, to say that a 
man has no enemies ; of Mr. Hodges it is but simple truth 
to say that in every man with whom he had dealings during 
his sojourn amongst us here in Canada, he secured a friend." 

Another engineer, a late member of Mr. Hodges' staff, 
and a Canadian, during the course of his speech, in replying 
to the toast " Success to the Victoria Bridge," thus alluded 
to his late chief : '^ Some few years since, the idea of such 
a structure spanning our noble St. Lawrence, would have 
been laughed at, and to people acquainted with the force 
of the current, and the millions of tons of ice to be hurled 
against this barrier, the scheme seemed perfectly ridiculous; 
but there were others who thought differently, men of unri- 
valled genius pointed out the way by which the obstadet 
oould be sumioiuitedy and «oon found others willing and 
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rmd; to Amlsh tiiB '* sinewB of w," to aid them in tiu 
untried conflict vith the mighty river, and th&t that con- 
fidenoe vae not misplaced, this anBpioioiu and happy 
meeting to oelebrate its success abundantly testifies. You 
will remember this giguitic work waa oommeneed in Ibe 
year 18M, to be completed in 1861, in the ^rt space of 
eight years, a time not to be measured by the usual span 
in this rigorous climate, but ea^ season to be compcesaed 
as it were into a &w short fleeting summer months. Yoa 
will also please bear in mad that two of these yeua were 
nearly lost, owing to monetary difBcnltjes during the Cri- 
mean wai, wbra works in all oihe/t parts of the world were 
either paralysed or stopped. I ask you, then, in the &oe 
(tf all this, with the bridge open for traffio in the year 1869, 
neariy 18 months before the time speoifled by the most 
•auguine, if its ocmBtniotioii lias not been a sneoess,— an 
achievement, gentlemen, owing in great measure to the indo- 
mitable energy and ability of Mr. James Hodges, ably 
seconded by yourselTee, individually and collectively t Yon 
wiU perhaps allow me to pay more than a passing tribute 
to this gentleman, notwithstandiog that he has been so 
highly eulogised on this and other nmilar ocoasions. We 
young Canadian engineers owe him a debt which notiiing 
oan cancel, one which will be transmitted to our children 
and children's children, fer the ready and helping hand ha 
extended in placing us in pontions to be associated with 
this, our country's greatest work ; and now that the bands 
which united us to him fbr the last five years are severed, 
never again to be reunited, we would like if it were posoble, 
this evening, fot an expression of our gratitude to be wafted 
on the wings of the winds across the broad Atlantic, to 
his honoured retreat in Surrey, telling Mm that the hi^ 
•nd honorable preoqita he both taught and jxaotiaed i> 
our aidat, will new be taigiMta, bnt be fnvm dMriihed 
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in memorj, enabling hb aa far as poasible in our fatore 
career, to follow in his footsteps. Gentlemen, I have seen 
him in moments of disaster, and in boors of success, at 
times when he was forced to bow to powerful and ruth- 
less adversaries, and when gazing with the calmness of a 
Christian philosopher upon the destruction of the works of 
months, in a few minutes, prepare resolutely again to enter 
the arena of conflict, and erentually emerge victoriously. 
You have all lately seen him in the full flush of triumph, 
with the victor's garlands encircling his brow, the crash of 
triumphant music and the ringing cheers of a thousand 
spectators in his ears ; — at a moment like this, when con- 
scious superiority and pride would have been pardonable if 
ever, and yet, with a modesty unparalleled, have heard him 
disclaiming all credit, and in eloquent terms pointing to 
you as the men who did all, thereby shewing the truth 
of the maxim, that ' genius and ability are always allied 
with modesty/ " 

His Lordship the Bishop of Montreal, in the course of 
an eloquent address, on the occasion of the first passenger 
train passing through, thus alluded to him : " He, the 
Bishop, was there because he wished to pay the tribute of 
his personal respect to Mr. Hodges^ to testify his high 
sense of that gentleman's intc^ity, and of the Christian 
principle with which he had provided for the education and 
spiritual supervision of all the people oonneeted with the 
work. He looked on this gentleman's example, as one 
which all employers should follow. They had no right to 
congregate large bodies of people without making provi- 
sion for their spiritual wants. Mr. Hodges^ with the ap- 
probation of his principals, had acted so as to secure this 
great blessing for the people employed by him, and, though 
this mighty work would meet with the fate described by 
the great poet^ 
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' The olond eapp'd towers, the goigeons palaces, 
The solemn temples, the great globe itself, 
Yea all which it inherits, shall dissolve, 
And, like the baseless fabric of a vision, 
Leave not a wreck behind,* 

yet the integrity of character, high moral principles, 
and Christian philanthropy which had actuated Mr. Hodges 
would remain on record for all eternity/' 

The following extract is also given from a speech deli* 
▼ered on the same occasion by the engineer who had been 
sent out from England on behalf of the Grand Trunk 
Railway Company, to examine the bridge : 

" He, the speaker, only repeated what he had heard from 
Mr. Stephenson and Mr. Ross, that much of the success of 
tills undertaking had been owing to the skill, energy, and 
unfailing resources in difficulties of Mr. Hodges. The 
speaker had examined closely and critically every part of 
the work. No iron tubes were ever put together over 
which passengers might more safely pass ; no masonry was 
ever heaped stone on stone with greater art, or with more 
precaution to secure solidity and durability." 

And lastly, Mr. Ross, in the delivery of a powerful ad- 
dress on the subject of the numerous difficulties encoun- 
tered during the construction, and in referring to the cor- 
dial cooperation received at all times from the parties con- 
cerned, spoke in the following manner of the contractor's 
agent : — " Having always present to my mind, that golden 
rule, which I trust will ever be found to characterise my 
proceedings, ' to do to others as you would be done by,' 
my task has been an easy one, my occupation in so far at 
least as pertained to the duties peculiar to my own calling a 
plaything. Tet it would be too much to expect that 
works of such magnitude, with varied subjects of conaide-^ 
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ration, together with the more than ordinary conflioting 
elements of a rigorous climate, could go on to the end 
without some drawback to a uniform progress. I however 
never yet found the talented agent invested with the re- 
sponsibility of canying out this great trust on behalf of his 
employers, to be wanting. The resources of his mind were 
at all times equal to the exigency of the case, and, so far 
from feeling any degree of reproach inseparable (if any 
exist) from all concerned, the result has ever been one of 
unmingled gratulation.'' 

The foregoing extracts are a few of the many which 
might be given to show the high position he occupied in 
public opinion in Canada during the time of his sojourn, 
but, in connexion with those expressions of respect and admi- 
ration, we cannot refrain from noticing a fact not referred 
to by any of the speakers, and which no doubt was driven 
from their memories at the time by the magnitude of the 
work more immediately before their observation ; we refer 
to the construction of the Grand Trunk Railway, simul- 
taneously with the Victoria Bridge. 

The whole of this extensive enterprise as fSur west as 
Toronto, was within the general surperintendence of Mr. 
Hodges, with a section of it amounting to nearly 320 miles 
under his constant and personal surveillance. 

Many of the mechanical structures on the line were of 
a magnitude second only to the Yictoria Bridge, and 
required the same watchful care and skilful resources on 
the part of the chief, as did the great work itself. 

In fact every branch of the work, from the erection of 
locomotives and rolling stock, down to the simple box cul- 
verts along the line, received from this ubiquitous man the 
most rigid examinations, at very short intervals of time, 
and not the least was the management of the monetary de- 
partment for the whole extent of the line. So laooesafully 
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was it carried on, that from the oommenoement to ihe end 
of the work, every contractor, tradesman, mechanic, and 
labourer, had his money to the day it was due. This 
universality of business talent, so rarely combined in the 
same mind, with great mechanical resources, can only be 
appreciated by those who have to do extensively with each 
distinct department. 

We do not say he was without sealous and able assistants ; 
but this we do assert, that he was the main motive power, 
laying down the laws by which they were to be governed, 
and creating the discipline by which they were to be guided^ 
with admirable skill and management. 



CHAPTER X. 

OOFFSa DAMS. 

III making arratigementfi for oanrying out the work, 
in derising oofFer-dams, machinery, and all the thousand 
and one skilfol appliances to be made use of in its pro- 
secution, no aseistanoe was rendered by Messrs. Stephen- 
son and Ross, as both gentlemen considered it entirely 
within the province of the contractors, or rather their re- 
presentative, Mr. Hodges, to adopt such means as they 
might consider most economical to themselves, so long as 
the soundness and stability of the work were in no way 
affected. 

With Mr. Hodges therefore rests the entire credit of 
the origination and successful applications of the nume- 
rous ii^enious inventions and adaptations in Uie carrying 
out of this work. 

The most important consideration at the commence- 
ment of operations, was the method to be employed in 
placing the foundation of the piers and abutments in place^ 
and at the same time to combine great strength, efficiency, 
and economy. In a river exposed to such extreme chat^es, 
strength of current and depth of water, with the peculiar 
deposit existing on its rocky bed to be removed, it was 
evident that the methods generally in use for foundations, 
such as the diving-bell, or by means of concrete confined 
in '^ caissons," would be utterly futile, and therefore not 
to be entertained. 

The idea that first suggested itself to Mr. Hodges, in con- 
nection with the building of the pie^?, was the construction 
of large floating co&r-dams, so arranged as to present 
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the least resistance to the current, and famished with an 
inner well or opening sufficiently large to admit of the pier 
being built, after the water and deposit were removed, and 
capable, on the completion of the masonry, of serving a 
similar purpose with additional ones. • 

Three structures of this description were built, and un- 
doubtedly were the most economical, speedy, and effective 
system of coffer daming made use of. By means of the 
first two built. No. 1 and 2 piers were erected ; and had it 
been possible to remove them to winter quarters a few days 
sooner, many other piers would have owed their existence 
to them. The third one, however, built three piers most 
successfully, and was only taken to pieces on the completion 
of the Bridge. The circumstances which operated most 
against the entire use of floating dams arose ftom their 
being able to build but one pier each, in the season, 
besides not being adapted to meet the force of the ice, and 
consequently, did any unforesen difficulty with the founda- 
tion arise, by which the masonry could not be commenced 
or completed the same year, as in the case of Noe. 3, 4, 5, 
6, 8, 9, 14, and 15 piers, the entire structure would be 
destroyed by the ice. A second system had to be 
introduced to obviate such contingencies, being sufficiently 
strong to remain intact during the winter, and in readiness 
for next season's operations. 

A third system, being a combination of the other two, 
was also devised. 

Before giving a description of the manner in which those 
three distinct and widely differing systems were brought 
into successful operation, the following result of their work 
is given : 

No. 1, or floating cofier dam, was used in the erection 
of piers 1, 2,7, 17, and 18. 

No. 2, or solid crib coffer dam: Piers 3^ 4^ 6^ 6, 8, 9» 
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10, 11, 14, 16, 16, 19, 20, 21, 22, 23, 24 and ihe two 
abutmentfi. 

No. 3, or combined system: Piers 12 and 13. 

JVo. 1 SyBtem. — The floating coffer dam wasbniltin two 
pieces or distinct pontoons. The sides were parallel, and 
the upper end made up of two minor sides approaching 
each other at an acute angle. 

The height of this structure was about 16 feet, and the 
sides 20 feet wide, closley corked and rendered water tight. 
The second or tail piece was built rectangular, 16 by 
20 feet, and long enough to fit in between the sides of 
the other, at the lower end, — both of them being a 
strongly built and braced as possible, to enable them to 
resist the enormous pressure to which they would be ex- 
posed, when the water was pumped out of the area they 
enclosed. When required for use, the main pontoon was 
taken by steamboats and towed to the site of the pier, and, 
having been brought to its required position, strong 
piles were slipped down through guides, into the bed of 
the river, thoroughly driven home, by pile engines, and 
served to keep the dam stationary. 

Sluice gates were then opened, allowing the water to flow 
into the pontoon, which, with additional weight placed on 
the deck, caused it to sink within a few feet of the bed of 
the river, the piles playing freely in their guides and allow- 
ing this subsidence to take place. When the required 
depth was reached, strong iron bolts secured the piles to 
the main body of the dam, and with an additional weight 
on the deck, rendered the whole mass now resting on the 
numerous pile 1^, stationary and firm. 

Sheet piling reaching to the bed of the river, was then 
placed on the outside, where exposed to the current, and 
prevented it sweeping underneath the dam. 

The second section was afterwards towed up, put in place 
at the foot of the first, and sunk in a similar manner. 
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An ai6a^ of perfectly still water, about 130 feet in length, 
by 54 feet in width, was thus obtained in a few datys, for 
subsequent operations. 

In this space a second frame, fi^owing the inner contour 
of the pontoon, was prepared, made up of timbers 12 
inches square resting vertically on each other, with the 
sides stiffened by cross braces or struts, to prevent tli^ii 
approaching each other, when exposed to the pressure, and 
framed on the bottom to sink the irr^ularities of the bed 
of the river. The building was then continued till it 
rested on the bottom and brought up level with the deck 
of the outer ooffsr dam. The dimensions of this inner 
dam were such as to leave a space on all sides, between it, 
and the inside of the outer dam of about six feet in width, 
for a puddle chamber. Sheet piling was then driven in the 
entire length of this chamber so obtained, on both sides of 
it, and, after the gravel and loose stones were removed 
from its bottom, so far as practicable, by dredging, the 
" puddle '' was introduced, consisting of thick clay, ren- 
dered impenetrable to water by tamping or beating it doWBv 

The dam was then ready for pumjAng. 

No. 2 system, the area of still water was obtained by 
inclosing the space, with the ordinary crib work of the 
country, framed to suit the bottom, upon which it had A 
(Solid bearing, and raised four feet above summw water, 
presenting when finished a rectangular figure 173 fbet 
in length by 88 feet in width on the outside, with an en- 
closed area of stiU water 52 feet in width by 125 feet in 
length. The sides and lower end of this crib-work, were 
18 feet in width, and the upper end 30 feet 

These cribs were built of open work, that is to say, 
spaces of 6 inches intervened between the side timbers, 
with dovetailed cross-ties at eveiy 10 feet, and strongly 
bolted together with iron n^-bolts, and wooden tre-nails. 
The fldor for the receptioh of the stones, wait placed Aoul 
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2 feet under sommer level, exoepting in the bead of the 
dam, where it was about 6 feet, and the entire crib-work filled 
with stones to the height of four feet above that level. Six 
feet of the upper angle of the head of the dam were taken 
ofif with an inclination of 1 to 1 and planked over, furnish- 
ing a sloped surface for the ice to slide on. 

In the event of the dam having to remain in during the 
winter, it was sometimes planked over, on its upper sur- 
face, so as to afford no points for the ice to catch on ; in 
other instances, it was left unprotected with equal success. 

The inner dam was arranged precisely as that described 
for the floating dam, and with its puddle chamber dredged 
out, and filled with clay, was also ready for pumping. 

No. 3 system. A combination of the two preceding sys- 
tems, was made use of in this mode so as to obstruct the 
main channel of the river as little as possible, and at the 
same time to restore it to the navigation with the least pos- 
sible delay. To accomplish this, as well as to ensure the cer- 
tain completion of the large piers, Nos. 12 and 13, during 
the season, Mr. Hodges had four rectangular pontoons 
constructed during the preceding winter, for the sides of 
the two dams. 

The upper ends were composed of detached cribs, with 
aprons between them to break the current, while the lower 
sides were made up of continuous cribs. The pontoona 
were sunk and held in place in the same manner as the 
floating dam. 

The area of still water produced by this method, yielded 
the necessary ftcilities for sinking the internal crib-work, 
similar in all respects to the arrangements described for 
the other two systems, and, after being sheet-piled and 
puddled, was ready for pumping. 

The two abutments were built in spaces surrounded by 
two lines of crib-work, each nine feet wide, with a puddle 
<)hamber 4feetia width intervening. 
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PUMPING. 



The respective coffer dams having been brought to this 
point, the anxions time for discovering their efficiency had 
arrived, with the commencement of the pumping, not that 
the labour was great in removing the water, but the applicar 
tion of the test to show if the dams were tight, or if the water 
would not force its way up through the beds of quicksand 
and boulders, as fast as the pumps could remove it, naturally 
created anxiety. Nothing could be better than the two diffe- 
rent descriptions of pumps used. Those introduced by Mr. 
Hodges consisted of two cast-iron cylinders about 18 inches 
in diameter each, and placed vertically side by eude, with 
their piston-rods connected by meons of a bell-crank, work- 
ing them alternately, by the gearing connected with the 
engine. Water-tight flexible suction-'hose, was connected to 
the bottom of the cylinder pipe, and thence conveyed 
into the well, sunk to the rock, into which all surface water 
was conducted. The pumps were therefore on the suction 
and forcing principle combined, and threw an enormous 
stream of water when under full headway. An objection 
to their use, was the bulk and weight with the concussion 
or jar transmitted to the dam, frequently causing the sheet 
piles to start and a break-in to follow. Before the damage 
could be repaired, much trouble had to be encountered in 
moving the machinery, to admit of the piles being replaced 
or driven home. Apart from those considerations, they 
were equally efficient with the centrifugal forcing pump 
introduced by Mr. Chaffey, throwing an equal volume of 
water, if not greater, with less power required to drive them, 
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and were used by Mr. Hodges in pumping out eleven coffer- 
dams and the north abutment. 

The centrifugal or forcing pump, introduced by Mr. 
Chaffey, and adopted by Mr. John 0. Hodges, pumped out 
13 coffer-dams and the south abutment. This pump con- 
sisted of a circular cast or wrought iron shell, from 15 
inches to 2 feet in diameter, according to the power re- 
quired, and from 6 to 9 inches in depth. From the side of 
this circular box, a pipe of sheet iron, 7 inches in diameter, 
was carried sufficiently high to admit of the water flowing 
in a trough over the top of the coffer dam ; the pump 
and pipe were held in place by a light iron or wooden 
frame, 2 feet square, from the pump to a few feet above the 
top of the dams, and serving also to support the vertical 
shafl, passing down into the pump, and provided with a 
couple of wings or vanes attached to and revolving with it 
in the circular shell above described. The water flowing 
into this receptacle through appertures in its bottom, was 
seized by the rapidly revolving vanes and forced with great 
velocity up the 7" pipe, firom whence it was conveyed into 
the river. 

The whole apparatus was extremely portable, but re- 
quired very high speed to do its work effectively, and with- 
out careful protection and watching, was liable to be entirely 
stopped by chips of wood or other small obstructions being 
drawn into it, in which case, it was necessary to lift the 
whole affair out of the water, before the obstacle could be 
removed. When working with its usual speed, it threw out 
firom 800 to 1000 gallons a minute, lowering the water in 
the inner area of the dam at the rate of 2 feet an hour, and 
occupying from three to ten hours in entirely emptying it. 
When this was done, a weU, usually four feet square, was 
sunk through the deposit, a foot into the rock below, and 
the .pomp moved and lowered into it. Drains were then 



IDO ▲ OLANOK AT THS 

made leading into thb well, and the eorbce water arising 
firom springs or leakage, conduoted by them to tbe pomp^ 

The exact area to be occupied bj the pier was then 
marked out by Mr. Hodges, and as many excavators put 
to work as the space would allow, and continued by relays 
n^ht and day. If the dam proved sound, the work pro- 
oeeded rapidly ; but if the foundation was bad, a break 
would fill the entire cavity in a few moments, the men for- 
saking their toob, and, squirrel-like, running up the ladders 
provided for their escape. An examination of the break 
would perhaps shew one entire side of the dam deprived of 
its puddle, with the sheet-piles floating about in all <Urec- 
tioDS, making it necessary to re-drive them all, and procure 
additional puddle to replace that swept into the dam. This 
being accomplished, and the pumping resumed, the same 
anxious hours were to intervene before the bottom would 
again become visible, but now covered with the late puddle, 
converted into soft mud. On the exeavation being recomi* 
menced, and probably before the late accumulation had 
been removed, another alarm would drive the men up pell 
mell, closely followed by the rising muddy water. On this 
occasion, the break may have taken place in an entirely dif- 
ferent direction, and where least expected. A second delay 
of course takes place, until the damage is repaired, when, 
on the work being resumed, and every thing going on 
favourably for a day or two, a stratum of quicksand is 
struck, in the very centre of the dam, fax from the sheet 
piles, and in a moment, the gushing, boiling, heaving sand 
and water rushes up, filling the vacant chamber as quickly 
as before. 

This time, however, the cure is much more difficult and 
protracted. The sheet-piling and the puddle on top are un- 
changed, and present no indications by which a discovery 
can be made, of the quarter in which the connection be- 
tween the inside and the oui4dde of the dam exists. The 
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pumps bave to be kept running at faW speed, witbou sen- 
sibly diminisbing tbe level, and tbe process of pile-driying 
renewed in full vigor, until ibe subterranean cbannel of con- 
nection is reacbed and cut off. To do tbis, tbe piles bave 
now increased from 3" plank to timbers 12 incbes square, 
and sbod witb beavy wrougbt-iron sboes, enabling tbem to 
be forced down tbrougb tbe solid crust, existing above tbe 
quicksand, into the bard bed lying underneath, and, after 
long and weary labour tbe pumps at length begin to make 
an impression on tbe inner level, gradually reducing it 
agun to tbe bed of the river. 

Another, and if anything, still more severe trial, was 
met witb, as in tbe onae of No. 8 and No. 9, where por- 
tions of the oo£kr-dam, rested on large piles of round 
boulders, heaped upon each other to a considerable height, 
and not discoverable untH a diver went down into the still 
water, enclosed by tbe dam, to ascertain why the pumps 
made no impression on tbe level. Tbe ordinary sheet-piles 
tmd the puddle of course, had not penetrated through this 
mass of stones, which furnished innumerable interstices or 
eicve-like openings, allowing tbe current from the outside 
to rush in as fast as removed by pumping. Very extensive 
pile-driving follows, or else tbe puddle is dredged out of 
the chamber, and the stones removed by the difficult and 
laborious process of divers going down and attaching grap- 
pling-irons to each individual stone, to be then removed by 
powerful appliances ^m above. An idea of the difficulty 
attending this part of the operation, may be bad from the 
fact that the stones so removed, ranged from 3 to 15 tons 
in weight, (with one individual stone as high as 30 tons,) 
and in many instances, witb tbe coffer-dam resting partly 
on them, rendering tbe removal an almost impossibility. 

In other dams no such trouble was met with, and tbe 
pompiDg effected without difficulty ; an average however of 
the 24 piers, was about three total interruptions for eacb. 



CHAPTER XII. 

TRAYELLEB STAGINQ, AND TRAVELLERS. 

On the completion of the coffer dam, and during the 
time of pumping and excavating, the staging for the 
masonry travellers was being put up ; but as there was 
some difference in the arrangement made use of by Mr. 
Hodges and Mr. Chaffey, each system will be described. 

In the mode made use of by the first gentleman the 
hoisting, conveying, and setting, were accomplished by 
means of travellers. Two of those machines were elevated 
on staging, raised about 36 feet above summer level. This 
staging was composed of bents on each side of the coffer 
dam, supporting two longitudinal caps or timbers, on which 
the raib were laid for the travellers to traverse on, and 
extended from the upper end of the pier to the lower end of 
the coffer dam, and projected 8u£Giciently far over to ad- 
mit of one of the travellers going out beyond the coffer 
dam, directly above the deck of the barge containing the 
stones. The extreme ends of the plates were connected 
together by timbers, which served to stiffen them, and at 
the same time prevent the travellers going overboard. The 
rails were laid on those caps to a guage of 36 feet, for 
the travellers to work on, and without obstruction from 
one end to the other, the whole staging being held in 
place, and stiffened by braces and struts from the dam, 
externally to the upright bents supporting the cap-tim- 
bers for the railway. 

For the erection of the shaft of the pier, a scaffold 
about 40 feet in length, and raised to the necessary 
height, was put up, the bents supportbg it being on the 
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outside of the lower race, and necessitated a traveller 40 
feet span, to admit the lower travellers passing the frame- 
work. 

The traveller was provided with gearing by which it 
could be worked by manual labour, the entire length of 
the staging, and also with a strong double-purchase 
''Jennie '' or smaller traveller working laterally on it. To 
the hoisting drum of this ''Jennie,'' driven by smaller 
pinions from a crank movement, was attached the lead- 
ing chain in a system of blocks or pulleys, connecting 
with the " lewis '' or iron fastening in the stone to be 
lifted. This fastening was of a very simple and effective 
character. What was called the single lewis, consisted of 
a short piece of iron about 9 inches long and an inch 
round, with the upper end terminating in a strong ring 
four inches in diameter, into which was inserted the hook 
belonging to the lifting-block before mentioned. The re- 
maining end of the lewis, terminated on one side in a 
flat bevelled face, with the end somewhat larger than the 
centre. Before lifting a stone, the lewis was introduced 
into a hole previously drilled, about 4 inches deep, 
slightly larger than the section of the iron, and held 
by the hand, so that its end did not approach the bottom 
of the hole within half an inch. In this position a small 
steel wedge, flat on one side and circular on the other, 
was firmly driven between the bevelled face and the side 
of the hole. The stone was then ready for hoisting. 

From the two reversed bevelled faces of iron coming 
in contact, it is evident, the more force or weight ap- 
plied in endeavouring to remove the lewis, the firmer 
would its connection with the stone be made, and in 
this manner carried the weight with it to the place re- 
quired. To be withdrawn, a slight tap with a hammer 
on the upper end of the lewis, forced it to the bottom 
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of the hole, and loosened the ttnaD wedge. Both wer^ then 
removed by the hand. 

The double lewis, for heavier stones, consisted of two 
short pieces of iron about 9" in length, with an iron ring 
through one end of each. To be used, two holes were 
drilled into the top bed of the stone, approaching each 
other at an angle, and the lewis introduced, coupled to- 
gether by a strong chain about 8 feet in length, passing 
through the rings. To this chain the hook of the ^ing 
block was attached and the stone conveyed to its re^ 
quired position. Various other modifications were intro- 
duced by Mr. Hodges and made use of, but the two 
described will serve to give die reader an idea of th^ 
simple manner in which the enormous masses of rock 
were handled. 

Each traveller was usually provided with four men to 
work it, and, as everything underneath was disUncUy 
visible, they had no difficulty in conveying the materiid 
to the exact spot required by the masons engaged in 
setting the masonry. 

When the level of the pier approached the upper side 
of the coffer dam, and from thence required the stone 
to be hoisted, by far the slowest part of the process, if 
performed by manual labour, the assistance of steam was 
introduced, and expedited the work in a remarkable de- 
gree. At this period, the pump being no logger required, 
the engine which had driven it was appropriated for the 
purpose, being connected by means of a belt with a small 
pully placed on the top of the scaffold so arranged as to 
connect with the drum of the hoisting-jennie. By 
this arrangement the stone could be run up to a height 
of 60 feet, or less if required, in a veiy tihort space of 
time, when the Jennie being detached from its motive 
jpower, two men were able to work the traveler rapidly 
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to the place required, and lower the stone qnickly, or 
the reverse if necessary. This steam hoist was first in- 
trodaced by Mr. Chaffey. 

Mr. Chaffey, in the erection of his piers, used a very 
different method, quite as effective, and in some respects 
more so, consisting of a compound derrick or crane, 
worked either by horse or steam power, and may be de- 
scribed as follows. The main part consisted of a mast or 
square stick of timber, about 80 feet in length, placed on 
end and terminating in an iron pivot, resting in a cast 
iron socket, secured to a platform prepared near the side 
of the masonry and supported on the coffer dam. This 
mast was retained in its vertical position by two wooden 
guys or pieces of timber, with bent plates of iron, bolted 
to their upper ends, passing over a pivot or gudgeon of 
strong iron in the upper end of the mast, with their lower 
ends firmly secured to the sides of the coffer dam, and 
placed at such an angle with each other, as to retain the 
mast in its upright position in all stages of its future ope- 
rations. Thus arranged, and with the horizontal arms after- 
wards added, it possessed a rotatory motion, within the 
limits of nearly 270 degrees of the entire circle. 

At a height of about three feet above the pier, when 
completed, the arms for supporting the travelling Jennie 
were bolted to the mast. They were in two pieces, about 
8" z 14", placed on each side of it, and so arranged that 
the longer arm possessed sufficient length to take the 
extreme ends of the pier in its horizontal sweep ; the shorter 
arm was made to clear the guy-timbers, and served for the 
truss-rods introduced to stiffen the mast. 

The long arm carried the rails on which the Jennie tra- 
versed, and was provided with a clear space between its 
two sides, from the mast to its outer end, at which point 
they were bdited together. Sufficient room was thus left 
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for the blocks and ohains from the Jennie to work in. The 
long arm was supported and strengthened by heavy tie- 
rods or suspension-bars, passing from each of the side- 
pieces, at short intervals, to the top of the mast, and se- 
cured to the pivot before alluded to. From this point back 
tie-rods ran to the outer end of the shorter arm, and 
thence to the pivot at the foot of the mast, forming a 
powerful truss to support it when exposed to the enormous 
leverage of a stone weighing ten tons, suspended from the 
extreme end of its long arm. 

** The chains from the Jennie, for both hoisting its load 
and giving it a lateral motion, passed from it over fric- 
tion pulleys, placed at the intersection of the arms with 
the mast, then and to its foot, through which they 
passed by a peculiar arrangement, and thence, under fric- 
tion pulleys, were conveyed horizontally to the respective 
drums, connected with the machine giving them motion. 
A circular s^ment, about 6 feet in diameter, was firmly 
bolted to the foot of the mast, around which a chain passed 
to a third drum. 

The most novel feature in the whole affair was the in- 
genious arrangement of wheels within wheels, all existing 
in the compass of 8 feet by 4 feet, and by whose aid an 
intelligent boy, without moving from his position, could 
bring three of the six different movements into play, either 
separately or at the same time. Thus, the Jennie being at 
the outer end of the long arm, with its " fall '' of chains 
and blocks attached to a stone, say of six tons weight, 
lying on the deck of a barge at the lower end of the coffer 
dam, and ready for hoisting, on the signal of '' all right ** 
being given by the lewis boy, a system of clutches and 
beaks was brought into action and with the power applied, the 
stone was snatched from the deck, as if it were a pebble, and 
rapidly elevated. A second motion in the mean time carried 
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it towards the mast, while at the same time the whole 
derrick was swinging around its arms and Jennie to the 
upper end of the pier, or wherever the stone was required ; 
which point reached, a motion of the hand from the fore- 
man mason, on the top of the pier, conveyed the signal to 
the boy helow, who stopped the three motions instantly by 
detaching the machine from the motive power, and by the 
powerful breaks applied by the touch of the boy's hand 
the ponderous stone was held swinging in the air, until the 
mortar was spread for its bed by active masons. A second 
signal, readily understood, brought the necessary movements 
into being, and placed the stone in the exact position re- 
quired, when a tap of the hammer on the lewis head, severs 
its connection with its late load. A third wave of the 
hand reversed the three motions, by bringing other three 
into life, and in a moment or two the lewis and blocks were 
on the deck of the barge for a second stone, 
occupying but little more time than the reader has spent 
in its perusal. This derrick, with the steam traveller 
erected by Mr. Cha£fey at St. Lambert, described in an 
after part of this article, form two of the most remarkable 
and successful applications of power during the entire 
progress of the work. 
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CHAPTER XIII. 



MASONRY. 



Either of the described systems having been bnmght 
into working condition, the excavation to the rock ac- 
complished, a large quantity of stones, together with 
cement and sand, on hand, blacksmith shop and proper ac- 
commodation for the men provided on each coffer dam 
the rock swept per^tly clean, and the precise lines of the 
pier fotindation marked on it, the first large quoin or cor- 
ner stone was lowered down to its long home ; others quickly 
follow, and soon complete a level course throughout the 
entire foundation, the stones of the heavy ashlar or outside 
masonry forming headers and stret^hets alternately, while 
the backing or inside work is made Up of blocks scarcely 
less formidable. 

The (iross timbers which prevented the inner dam coll- 
apsing, were cut singly, as met with, and the ends wedged 
tightly Jigainst the intervening masonry, with the level of 
summer water reached, and all danger from breaks 
at an end, the pumping was stopped and the dam allowed 
to fill with water. Cement mortar, in the proportion of 2 
parts sand to 1 of lime, was used for both ashlar and backing 
throughout the entire foundation up to the level of surface 
water, from which point the backing was laid in common 
mortar, made of the best well-burnt fresh lime in the pro- 
portion of 1 sand to 1 lime. The ashlar throughout the pier 
from foundation-stone to coping, was laid in hydraulic ce- 
ment, with all vertical or end joints "grouted," that is 
cement mortar in the proportion of 1 part sand to 1 part 
cement, reduced by water to the consistency of a liquid 
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paste, and in that condition poured into the joints, filling 
every cavity thoroughly. The external joints were then 
pointed in cement mortar in the same proportions as used 
for the grout. 

The mode of securing the upper face or cut water of 
the pier with bolts and cramps, has already been described, 
in referring to Mr. Ross's design. 

The construction of the piers was in many instances 
urged forward day and night, by successive relays of 
masons, from the lateness of the season, owing to the great 
length of time previously occupied in the preparation of 
coffer dams, pumping, excavating, &c. During the night 
large bon-fires were lighted on different parts of the coffer 
dams and piers, creating a lurid glare, in the midst of the 
surrounding darkness, but rendering everything distinct 
and visible on the work. 

The masonry of the parapets on each abutment was 
built by means of large Wellington cranes, 35 feet in 
height by 53 feet in span, encompassing the entire walls, 
and sufficiently strong to elevate stones weighing ten tons 
with safety. 

On the entrance-lintels of those parapets, above the 
roadway, the following inscription in large letters is out 
into the stone : 
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ERECTED, A.D. MDCCCLIX. 
ROBERT STEPHENSON AND ALEXANDER I. ROSS, 

EVOniEEBS. 

While the lintels at the other end or over the tabe en- 
trance, bears this : 



BUILT 
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JAMES HOD«ES, 



FOB 



SIR SAIVEL lORTON PETO, BART., 
THOIAS BR.4SSBY, AND EDWARD UDD BITTS, 



OOHTEACTQBS. 



CHAPTER XIV. 

TUBE SCAFFOLDS. 

Various considerations induced Mr. Hodges to adopt 
the plan of building the tubes in place, instead of follow* 
ing the method used by Mr. Stephenson at the Menai 
Straits, a considerable portion of the river being ob- 
structed by shoals, and even in deep water large detached 
boulders, brought by ice, frequently lifted their heads 
within a short distance of the surface. The numerous 
rafts constantly descending during the summer season, and 
the necessity of continuing the tube operations in the 
winter when the surface of the river was covered by ice, as 
well as its great width, were some of the reasons which 
operated against building the tubes on shore and floating 
them out on pontoons. 

In designing the most efficient scaffolds for this pur* 
pose many things had to be kept in view. Those spans 
near the shore, when built in summer, and generally be- 
yond the reach of descending rafts, required the minimum 
of strength and precautionary measures, apart from the 
necessary requirements for sustaining the great weight of 
the tube. This class may be termed No. 1 or Summer 
Scaffold. Clcus No. 2, consisted of those built during 
summer, in the direct channels taken by heavy rafts, and 
consequently required an excess of strength over and above 
the tube requirements, to enable them successfully to re- 
sist the impact of those enormous flows of timber when 
cast against them by the swift current. Class No. 3. — 
This mode required a vast amount of additional weight 
and stability above either of the other two, to meet the 
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terrific and almost irresitible winter forces of moving fields 
of ice. 

Before describing eitker of those distinct classes, we will 
give a statement of the work accomplished by each. 

Class No. 1 or Summer Scaffold, Tubes 2, 3, 4, 5, 6, 16, 
20, 21, 22, 23, and 24. 

Class No. 2 or Truss Summer Scaffcdd, Tubes 1, 9, 10, 
11, 14, 15, 16, 17, and 18. 

Class No. 3 or Winter Scaffold, Tubes 7, 8, 13, 19, and 
25. 

In the erection of Class No. 1, three wooden cribs 57 
feet long by 20 feet wide were sunk in the opening between 
two piers, dividing it into equal spaces, and raised four 
feet above summer water. The floor containing the stone 
filling was placed at that level and the cribs filled up ; 
leaving three spaces a foot wide each, the full width of the 
crib, one in Mie centre line of the bridge, and one on each 
side at the distance of 11 feet from the centre. Through 
those openings hard-wood piles shod with iron, were driven 
down into the bed of the river as far as practicable, and 
cut off on top to the same level. On the piles so arranged 
oak timbers were placed as ciUs, and pine timber bents or 
posts erected, on the top of which oak caps were placed to 
receive the longitudinal stringers running the entire dis- 
tance between the masonry of the two piers. Those chords 
or stringers were each made up of two timbers 14" x 14", 
and additionally stiffened over the intervals between the 
wooden cribs, by diagonal braces or struts, starting from 
the cills on the piles, and meeting under the chords. The 
superstructure under the fioor was therefore made up of 
three distinct ribs or series of bents on each crib and 
Strongly connected together by cross girths and diagonal 
braces. 

Floor timbers 12" x 12" and 35 feet long were then 
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placed on the top of the chords at distances of four ibet 
centres and planked over. The top of the scaffold as thni 
constmcted was three feet nnder the hottom line of the 
tuhe, which was supported at certain intervals on woodea 
packings and oak wedges, giving ample room between the 
scaffolds and tube for men to work. A traveller race for 
the Wellington cranes to be used in the erection of the 
tubes, was then made, and consisted of two timbers 242 
feet k)n^, one on each side of the tube, resting on short 
posts from the floor timbers, and giving a guage of 26 feet, 
the width of the cranes. These cranes were about 22 feet 
in height, and encompassed the entire section of the tube 
except the bottom. 

In the erection of this class of scaffold, scows were some- 
times substituted for the cribs bj Mr. Hodges, in which 
case piles were driven down through guides in their sides 
and supported the weight of the superstructure and tube ; 
^e purpose of the scows and cribs being merely to hold 
the piles in a vertical position and afford them protection. 
In other instances where the sides of the old coffer dams 
admitted it, but one soow or crib was sunk in the centre, 
and the remaining bents erected from the piles driven 
down through the crib work of the coffer dams, the gene^ 
ral style of the superstructure continuing the same. 

CUxsB No. 2. — In this mode of scaffolding an entirdy 
different arrangement was introduced. A single crib, 80 
feet long by 80 feet wide, was sunk in the centre of the 
opening and carried up a height of 10 feet above summer 
level ; the floor was near the surface of the water, and en- 
tirely filled with stones to yield the weight necessaiy for 
its protection when struck by rafts. 

The cross ties were so arranged the entire height of 
the crib as to furnish two chambers 2 feet in width, and 
At the distance of 13 feet each side Of the centre line <^ 
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ihe bridge. Tho0e ties retained in place the hard-wood 
pike driven down into the bed of the river, and afterwards 
cut off to receive the hard-wood cills. The cills supported 
the upright posts carrying the truss superstructure, and 
formed two distinct ribs, fastened together by cross-girths 
imd side-struts to furnish additional stiffness. Stringers 
14" X 14" were carried on the top of the bents the entire 
length of the span, and additionally supported from under- 
neath by braces running out from the feet of the upright 
posts to the underside of the stringers over the sub-spans, 
and also by braces from the sides of ihe piers in the sam^ 
manner. Floor timbers were then placed across those sub- 
chords, at distances of 12 feet, and planked over. The 
structure at this stage of its progress was converted 
into a platform upon which the lower chords of the truss 
were put together, and built on the " Howe ** principle, 
with a depth of 20 feet ; the bottom and top chords were 
14" X 24" each, made up of three ribs 8" x 14", the side 
braces 8" x 8" with the counter ones 8" x 10", and a run 
of 16 feet; the truss side-rods were double of 1^ round 
iron ; the width between the side-ribs of the truss was 24 
feet. The floor was made up of timbers 14" x 14" rest- 
ing on the lower chords, at distances of 3' centres and 35 
feet in length, with every fourth one 60 feet long to admit 
of braces, being bolted to the ends and carried up to the 
top chord of the truss. The floor, when planked over, 
was about 3 feet under the bottom of the tube, and, with 
packing and wedges in place, and the Wellington crane 
placed on the track, prepared for it on ihe upper chords^ 
the time had arrived for commencing the tube. 

The two scaffolds bordering on either side of the centre 
one, four in all, were provided with two cribs 80' x 22' in 
place of one as in other instances. This was necessary from 
the swift current running at least 10 miles an hour, with 
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the great deptih of about 20 feet of water, rendering it 
almost impossible to sink the wider single cribs ; other- 
wise the general arrangements of the superstmcture and 
truss were the same. 

Clas9 No, 3. — In this design a crib 80 feet long and 30 
wide was sunk in the centre and carried up to the bottom 
of the truss or 6 feet from the tube. The upper end waa 
sloped up from the bottom, with an inclination of 1 to 1, 
to a height of about 30 feet above summer level, at which 
point the dimensions of the crib were reduced to 40 feet 
in length by 28 feet in width — from this level a mar- 
gin of 12 feet was left from the front edge of the slope, 
and the shaft of the crib, 28 feet by 28 feet, continued up. 
The margin so retained was planked over and formed the 
gaddle of the ice-breaker, being adapted for throwing off 
the ice if it should succeed in coming over the top of the 
slope, and prevent it striking the square face of the 
shaft. 

The slope or ice-breaker waa sheeted with 4k" hardwood 
planks, resting with a solid bearing on the strong timber- 
work underneath. The first floor was 3 feet under sum- 
mer level, the second one 7 feet above, the third 10 feet 
above the last, and filled with stones to the top of the ice 
breaker. 

The timber work of the crib was as strongly put together 
as possible, wiUi close joints, rag-bolts of iron, and oak 
treenails, the cross and longitudinal ties dovetailed into 
the sides and treenailed at each intersection, with the stones 
carefully packed around the ties and underneath the 
slope of the ice breaker. The external face of the crib waa 
made quite smooth so as to offer no obstruction to the ice. 
The face of the ice l)reaker, instead of being flat or angu- 
lar, like the stone pier cut water, was rounded off to give 
facilities for the ice slipjong off aa it forced its way up the 
incline. 
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Two rows of bard-wood piles, the extreme Width of Ae 
orib, were driTon into tbe bed of the river, SBd held vk 
place by ties on each side. At the level of 6 feet above 
summer water, they were cut ofif and an oak oill placed on 
top. The upright timbers or posts upon which tbe super- 
etruetore rested, started from those eills, and were held 
firmly in place by cross ties and the stone filling. Tbe 
superstructure consisted of a truss built on the Howe prin- 
ciple, as described for Class No. 2. In this position the 
scaffold received the fall shove of ice ; before the tube wafi 
commenced and after t^ close of the river, braces were 
carried up from the sides of the crib and piers to tbe un- 
der part of the lower chord, stiffening it materially. Tbe 
Tube was then started. 

The scaffold for the centre opening, differed some- 
what from the forgoing. There the increased span re- 
quired two supporting cribs ; and the height being suffi- 
ciently great above any danger from ice, allowed Mr. 
Hodges to bring the superstructure of the soaffold entirely 
underneath the tube bottom, and, for additional strength, to 
introduce a third longitudinal rib. All were strongly erooh 
braced and connected together. The nm of the side-brw»a 
of the truss was reduced from 16 feet to 12 feet. 

In the erection of all those scaffolds, scows with lifting 
derricks, driven eitlier by horses or steam power. Were em- 
ployed, and by this means pieces of timber 60 feet long 
and 14'' square were taken from the water and raised 60 
feet high, with the same facility as the stones of the 
piers, by the traveller and the steam crane previoudy de- 
scribed. 

The entire scow was made up of two smaller ones, or 
pontoons 60 feet long by 10 feet wide and about 4 feet 
deep, with the lower angles of the ends taken off. They 
were placed side by side, with an intervening space of 10 
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feet between the adjoining sides, and decked over. The 
mast stood at the upper end over the oentre space between 
the two scows, and was held in place by two wooden guys, 
running from the top to the outer angles of the lower end 
of the vessel. A moveable jib-boom or arm was attached 
to the mast some distance from the top and connected at 
its extreme end, with the top of the mast allowing it to be 
raised or lowered at pleasure, or as required by the height 
of the scaffold. 

A s^es of blocks and ropes, constituting the lifting 
arrangement, was attached to the outer end of the boom, 
with the leading rope conveyed down the mast, and thence 
to the drum of the motive power. The whole mast had like- 
wise a rotatory motion, enabling the stick, afler being lifted 
to the proper height, to be deposited on the scaffold any- 
where within the range of the arm. By this arrangement 
a large truss-scaffold could be put up or taken down in a 
remarkably short space of time. The scows, from their 
peculiar shape and light draught of water, were eminently 
well designed for being moved about or moored in strong 
currents, and were first introduced on the work by Mr, 
Chaffey, with horse power for working them, and after- 
wards adopted by Mr. Hodges, who substituted steam 
power. 



CHAPTER XV. 

TUBES. 

The plates and iron work for the tubes were nearly all 
prepared in England, punched, marked, and ready for put- 
ting together, before coming to Canada. Thus each indivi- 
dual plate, strip, cover, kelson, gusset, tee and angle 
iron, had the number of tube, thickness, and mark corres- 
ponding with similar ones in the detailed drawings of each 
tube, sent out with the iron, and enabled every piece to be 
identified at a glance and placed iu its proper position in 
the work. This was a most important point, as the plates 
differed from each other in the small gradations of -|^ of 
an inch in thickness, and would otherwise have rendered 
it a difficult and tedious work to carry out the correct 
arrangement in the distribution of the different thicknesses 
of plates, and probably would have resulted in errors. 

Prior to the commencement of the iron work, extensive 
temporary shops were put up at Point St. Charles and St. 
Lamberts and provided with the necessary powerful ma- 
chinery for manufacturing rivets, cutting and punching 
boiler-plate, from an inch in thickness downwards, making 
screw-bolts, drilling and turning, as well as machinery by 
which large sections of the sides of the tubes were ri vetted 
together by steam power, and so conveyed to the tube in 
course of erection. Accommodation was likewise pro- 
vided for a large number of smiths, and during the two 
years occupied with the iron work those unpretending 
looking shops were alive with labour and energy, admirably 
governed in all the numerous branches and details. 

On the completion of the scaffold, the packings and 
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wedges were arranged acoorately to levels iximished by the 
engineer in charge, at distances of 20 feet along ihe tube, 
by which a camber of 4^ inches was given its bottom, to 
allow about 2 inches for sabsidence of the scaffold, and 
compression of the packing, during construction, and to 
possess at least 2^ inches when completed, and prior to the 
wedges being struck. The bearing-plates for the friction- 
rollers were then bolted to the bed of the masonry with 
3'' creosoted tamarac plank enveloped in felt, intervening, 
supporting the 14 friction expansion-rollers, and frames 
with the cover-plates similar to those beneath, placed over 
them, and bolted to the end bottom-plates of the tube. 
Similar timbers were likewise introduced between those 
covers and the tube, as well as in the recess left in the 
next or bearing pier. £very thing was now in readiness 
for the rapid progress of the work. The respective plates 
as marked and corresponding with those on the plan, were 
brought forward and bolted together in place, and in the 
course of a week the entire plating of the bottom was com- 
pleted. 

Portable forges for heating rivets where then brought on 
to the scaffold, attended by a set of rivetters each. The set 
was constituted of two rivetters and a holder-up, all men, 
with two boys, one for working the forge, and the other 
for carrying the rivet to the place required, and introduo- 
ing it into the hole from underneath. The holder-up then 
brought a heavy hammer against its head to retain it in its 
place, while the two rivetters on the upper side proceeded 
with two small hand-hammers to bring its upper end into 
the required shape for the head of the rivet; which being 
done, both dropped the small hammers, one seizing a steel 
concave cup, which he held on the head lately fashioned 
roughly into shape, and the other a heavy sledge-hammer, 
with which he struck the oup a succession of vigorous 
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blows, foicing the still red-hot riyjet into all pBxiB of the 
hole, aad leaving the end smooth, ronnd, and regular. A 
steel drift, or round pin tt^ring to a point was then placed 
in the next hole and forced into it by several heavy blows, 
eausing the holes of the different plates lying in each 
oUier to correspond ezaetly. The drift was then knotted 
back by theholder-np underneath,uid a second red-hot rivet 
introdaeed, to meet with the same treatment as its pre- 
decessor, and BO on throughout. In an afier part of the 
work, while the top and sides were being rivetted, the 
holder-up stood on a light soafibld elevated some distance 
firom the fires ; but sudi was the skill acquired by the little 
boys in the soienoe and laws of projectiles, that with the 
small tongs they sent the red-hot messengers through 
the smoky atmosphere, with the most unerring aim, to that 
part of the narrow scaffold occupied by the holderMip, who 
seised them with similar tongs, and placed them in the holes 
previously drifted, and brought the weight to bear against 
their heads. — But to return to the bottom. Fouj or five 
sets of rivetters in the course of a few days prepared it 
for the reception of the side-plates. These plates were 
rivetted with the machines at the shops in large sections 
composed of 6 small plates and four T bars over their junc- 
tions, put on trollies or small cars, and, by means of the 
small shunting or pony engine, were brought immediately 
to the place required. From the trollies they were lifted on 
end and swung into place by the Wellington cranes before 
referred to, and fastened to the bottom keelsons with side 
gussets. A second one was then put up on the other side of 
the tube, and secured in like manner, as well as connected 
by the top keelsons and gussets ; others soon followed, and in 
a few days the greater part of the sides were in place. After 
the centre space of ^inch plates, amounting to about 70 
&et,was oompletod,thetop plates, and the longitudinal angle 
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and T bars were put on and the rivetters started, the sides 
requiring them only at the top, bottom, and every third ver- 
tical T bar. The plating being completed and eight Cft 
ten sets of rivetters at work, the noise, din, darkness, and 
oon^sion, rendered the interior of the tnbe a perfect pan- 
demonium to a person visiting it for the first time, and as 
he carefully felt his way along, before becoming aocos- 
tomed to the darkness ; falling occasionally over keelsons 
and other obstacles io his path, trembling with fear lest some 
df the fiery rivets should come in contact with his face, in 
their swift passage through the air to their respective des* 
tinations ; with the smoky biasing fires surrounded by 
active little imps covered with soot and dirt; together with 
the drum-like reverberations of the hollow tube, as if a 
thousand demons were exercising their combined agility 
and strength in producing the greatest amount of tip tap 
tapping on its sides and top for his especial benefit, he 
would have had some difficulty in bringing himself to believe 
he was not a resident in Pluto's dark dominion, instead of 
a visitor to the celebrated Victoria Bridge. But as the 
idea of being an inhabitant of earth gained ground, and 
while cogitating upou all the wonders surrounding him, 
with thoughts reverting occasionally to the probable dam 
age sustained by his hearing faculties, these doubts were for 
the time dissipated by a succession of shrill, sharp 
whistles in the immediate vicinity, and on turning quickly 
to learn their import, discerned through the dim, haay light^ 
the powerful but puffing little engine rapidly approaching 
with its loaded cars the place he occupied. This ocular de- 
monstration that his ears were still all right, gave renewed 
energy to his bodily movements ; but in the agile semi- 
rotatory evolution attempted, with a view to prevent any 
dams^ either to the engine or himself, by a collision, a 
not sufficient heed to his footsteps brou^t that delicate and 
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aencdtiTe part of his person known as ibe '' daia " into 
immediate and forcible oontaet with the hard edge of a 
keelson bar,andlande^ its proprietor at full length^e down- 
ward, on the bottom of the tube, at the same moment the 
energetic little locomotive swept past. While afterwards 
reflecting on the erratic movements described, and congratu- 
lating himself on being in possession of aU his usual 
&oulties, a sharp stinging pain in the lower extremity 
brought to mind the damage sustained by his " understand- 
ing/' and furnished additional food for reflection, as he 
limped out of the darkness into broad daylight. 

The plating of the tubes was usually let to the platers 
by the ton, while the rivetters, including the holders-up 
and boys, were allowed a certain sum each per diem. A 
day's work required the putting in of a certain number of 
rivets, and any over that to be counted as extra time. 

Some gangs have been known to make 4 days in about 
16 hours, working time, putting in 700 rivets, when 180 
constituted the number required. Generally, however, 
they did not average over 1^ days each when working. 

Each rivet after being put in was tested by the inspector, 
and if loose or too small, was cut out by the parties who 
put it in, and replaced by another. On the completion of 
the rivetting, and after being thoroughly examined by 
Mr. Hodges and the inspector appointed by Messrs. 
Stephenson and Ross, levels were taken to determine the 
ordinates of the camber then existing, at distances of 20 
feet along the bottom of the tube, prior to the wedges 
being staruck from underneath. 

This operation usually lasted three hours; and when 
accomplished, the tube was on its natural bearing. Levels 
then taken at the same points, indicated a permanent 
eamber from J to f of an inch in the centre. This arose 
from the plates in the sides being punched for a straight 
line of beam. 
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Before oondading this subject, we may mention that 
observatioDS on the state of the atmosphere were taken 
three times each day, and its consequent effect upon a 
single tube ascertained. From the information thus ob- 
tained, it appears that a beam of iron 260 feet in length 
is subject to a moTement of 3 inches in a climate possess- 
ing the extremes of temperature like that of Canada. 
With the sun shining on the top and side, an increase of 
one inch in the camber takes place, with a horizontal camber 
in the centre of about ^ an inch. 

Observations twice a day, extending over a period of six 
years, were taken of the temperature of the water and level 
of the river St Lawrence, at each end of the bridge. 






CHAPTER XVI. 



STAPP, ETC. 



The foQowiiig interesting particulars of the Yiotbria 
Bridge, and the materials used in its oonstruction are 
given: 

First stone No. 1 Pier laid 20th Jnlj, 1854. 
First passenger train passed 17th December, 1859. 
Total length of Bridge, 9184 feet lineal. 
No. of Spans 26 ; 24 of 242 feet ; one of 330 feet. 
Height from surface of water to underside of centre tube 60 ft. 
Height from bed of river to top of centre tube 108 feet. 
Greatest depth of water 22 feet. 
General rapidity of Current 7 miles an hour. 
Oubic feet of Masonry 3,000,000. 
Cubic feet of timber, in temporary work, 2,250,000. 
Cubic yards of clay used in puddling dams, 146,000. 
Tons of iron in tubes, say 8260. 
Number of rivets, 2,500,000. 
Acres of painting on Tubes, one coat 30, or for the four coats 

120 acres. 
Force employed in construction during Summer of 1868, the 

working season extending from the middle of May to the 

middle of November. 

Steamboats, 6, Horse-power, 460,.. > -^ qqq -_- 
Barges, 72, •.> ' 

Manned by 500 sailors. 

In Stone Quarries, 450 men. 

On Works, Artisans, Ac. . . . 2090 do. 



Total 3040 men. 
Horses, 142. Locomotives, 4. 
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The whole of this force was handled by Mr. Hodges for 
his Principals, Sir S. Morton Peto, Bart., Thomas 
Brassej, and Edward Ladd Betts, Esquires, with the folp 
lowing Staff : — 

ENQINEEB DEPAKTMENT. 

James Hodges, Esquire, Senior Agent and Ohief Snginaer for 

Oontractors. 
John Dancan, Assistant Engineer. 
Oharles Legge, Assistant Engineer. 
Oliver Gooding, Assistant Eng^eer. 
Alexander G. Fowler, Draughtsman and General Snperln* 

tendent. 
H. H. Eillaly Jun., Draughtsman. ^ 

J. W. Woodford, Mechanioal Engineer. 
John Melville, Assistant do. 

J. Dunbar, Mechanical Draughtsman. 
Simon Foote, Inspector of Tube-work. 
L. Kirkup, Jun., do. do. 

W. R. Bell, do. do. 

John McNeil, Foreman of Carpenters. 
Alexander Sutherland, Inspector of Masonrj. 
J. Akenhead, do. do. 

George Pyke, Inspector of Painting. 
Edward Bromley, do. do. 

Robert Wildbore, Foreman of Labourers. 
John Bailj, do. do. 

John Kay, Time-keeper. 
George Penk, do. 
George Perkins, Superintendent of Sailors. 

OFFIOS BRANOH. 

W. 0. Spiller, Ohief Accountant. 

David Aikman, Accountant and Store-keeper. 

Thomas Oole, Paymaster. 

J. Blakeney, Accountant. 

Samuel Goulder, Olerk. 

0. L. Wilkison, Olerk. 

J. Morrison, Assistant Store-keeper, 
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STEAMBOAT DEPARTMENT. 

Capt. D. Robs Kerr, Greneral Saperintendent. 
W. 0. Datton, Clerk and Accountant. 
Oapt. Sclater, Steamer " Beaver." 
Capt. Davis, " "Muskrat." 
Uapt. Ryan. 
Capt. Datton. 
Capt. Duncan. 



MEDIOAL STAFr. 



Dr. Godfrey. 
Dr. McDonnell. 
Dr. David, 
Dr. Howard. 



Rev. Mr. Elligood, Chaplain. 
Frederick Brown, Schoolmaster. 



Benjamin Chaffey's Contbaot. 

J. W. Woodford, Assistant. 

Milton Sessions, General Superintendent. 

H. Reynolds, Accountant and Paymaster. 

C. H. Pyke, do. do. 

R. Dufort, Sub-Contractor for Masonry. 

Reed & Co., do. do. 

Fisk and Hodgson, Sub-Contractors for Stone. 

John Morris, Sub-Contractor. 

David Irwin, do. Crib-work. 

Joseph Eirkbride, Foreman Carpenter. 

William Eirkbride, do. do. 

Duncan McDonald, do. do. 

Edward Williams, do. do. 

Hugh Cameron, do. of Labourers. 

Mr. Proctor, Veterinary Surgeon. 

John 0. Hodges* Contract. 

J. W. Wllstead, Sub-Contractor for Scaffold. 
William Bissant, do. for Masonry. 
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George Matthews, Sub-Oontraetor. 
Andrew Stark, Foreman. 

Jambs Hodkinson's Contraot. 

Samuel Ratcllff, Principal Foreman. 
Edward Coulton, Principal Foreman. 
White & Co., Sub-Contractors. 
Duckworth & Clark, Sub-Contractors. 
George Pierson, Foreman. 
Edward Hughes, Paymaster and Accountant. 

Jacques Normand's Contract. 

S. Bonneyille, Foreman. 
J. Normand, Jr., " 

Wm. Newcomb's Contract. 

Mr. Turnbnll, Assistant, 

D. Wilson, General Foreman. 

J. Turner, Foreman. 

General Contracts, 

Patrick White, Contractor, solid approaches. 



Thomas Dillon, 


ii 


roof of tubes. 


Louis Dronen, 


tt 


u 


J. W. Wilstead, 


tt 


u 


G. Thompson, 


It 


tt 


U. J. Martineau, 


u 


tinning roof. 


Thomas Fennel, 


u 


remoTing old coffer-dams. 



Brown & Watson's Contract. 

D. Wilson, Foreman. 

Robert Stbphbnson, > Esquiris, Associated Chief Engineers of 
Albxandbr M. Robs, > the Victoria Bridge. 

Fbahois Thompson, Esquire, Architect. 

Mb. L. Kibxup, Sen., Inspector of Tube Work. 



CHAPTER XVn. 

PB00BES8 MADS, 1854. 

The following summary is given of the progress made 
from year to year, during the constniotion of the Viotoria 
Bridge : 

1854. — During this year but little was done beyond the 
necessary preparations, in opening quarries, preparing msr 
ohinery, steamboats, barges, and the requisite appliances 
for carrying on the work. The north approach was com- 
menced, and the coffer dam for the abutment constructed. 
Two floating coffer dams were built ; and an observatory 
about 70 feet in height erected at Point St. Charles, for 
the reception of a large transit-instrument, to be used in 
establishing the centre line of the bridge ; a smaller one 
was also put at St. Lambert. The most important work 
accomplished, was the opening up of two quarries, one at 
Pointe Claire, on the line of the Grand Trunk Road, fifteen 
miles above Montreal^ and the second at Isle Lemotte, in 
Lake Champlain, at the distance of 60 miles from the 
south end of the bridge. The stone yielded by those 
quarries belongs to the first in the series of thejower Si- 
lurian, and is known by the geological term of chazy, resting 
immediately on the calciferous sand-rock and the Potsdam 
sandstone, and yielding courses from four feet to one foot 
in thickness. 

From Pointe Claire, the store was transported either in 
barges through the Lachine Canal, and thence directly to 
the work, or put on stone cars built expressly for the ser- 
vice, of immense strength, and so conveyed to Point St. 
Charles stone-field, where they were deposited until re- 
quired. 
At the Lake Champlain Quarry, owned by Messrs. Fiak 
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& Hodgson, the mode of transit was somewhat different, 
this quarry being direotly on the border of the lake. The 
stones after being prepared were shipped on schooners and 
barges and towed by steamers to St. Johns on the Riche- 
lieu River, there transferred to the Montreal and Cham- 
plain Railway cars, and transported a distance of 20 miles 
to the south approach of the bridge and deposited in th« 
Btone-field until required in construction. 

During the winter of 1853 and 1854, the first steps wer« 
taken by Mr. Hodges in laying off the distances between 
abutments and piers on the centre line. This work was done 
on the ice, the respective distances being carefully metr 
Bured with standard rods ; and on the centre of the pier 
being found, ^* guides" were framed, so that a long iron 
rod could be lifted and let fall in one place, forcing a bolt^ 
of iron about three feet in length, into the bed of the 
river. To this bolt was fastened a chain sufficiently long to 
admit of a wooden buoy being attached to it, and sunk 
through the ice. The following summer, the buoys and 
chains were easily discovered, and served to mark out the 
correct position required for the coffer dam ; and the bolt, 
the exact centre of the pier afler the dam was pumped out. 
During the succeeding winters, the operation was repeated, 
and the bolts afterwards found within a few inches of each 
other in every case. 

We have referred to the commencement of the north 
solid approach, and have now to chronicle its destruction 
in the winter of 1854 and 1855, by the great height to 
which the waters rose at that time. Although Mr, Hodges 
had made every exertion to carry the embankment to such 
a level as woidd guard against this danger, and in the 
opinion of many had done so, yet the shortness of the 
season for doing it, and the increased height of the water 
above an average, resulted in ita entire annihilation in a 
few momenta of time. 

¥2 



CHAPTER XVIII. 

PROQBISSS MADE, 1855. 

TffS working season of 1855 did not result in any verj 
great amount of progress, in so far as the bridge was oon- 
eerned, being a time of great monetary depression owing 
to the Crimean war. The energies of the oontractors were 
devoted more to the completion of the line westward to 
Kingston, which was opened for traffic in the autumn of 
this year. Several important works in connection with the 
bridge, were, however, accomplished. The north embank- 
ment was again started, and by the end of the season had 
attained a height of about 20 feet above summer water. 
The foundation of the north abutment was put in and raised 
to a height of eight feet above summer water, and its ex- 
treme end to a height of 20 feet above the same level, oar- 
responding with the embankment. Piers No. 1 and 2 were 
buUt by means of the floating cofier dams before alluded 
to, but not completed in time to allow of the dams being 
removed and taken to their winter quarters, before the 
navigation closed. Those ponderous vessels, put together 
as strongly as iron and wood would allow, were crushed 
into pieces by the ice as if they had been built of card 
paper, and hurled against the cut-waters of the two pi^s 
they had aided in building. This was probably the severest 
test those structures will ever be exposed to, as they are the 
smallest, and consequently possess less material, than any 
of their brethren, and at the time had not the additional 
weight of the superstructure. It is needless to remark, 
that the test was triumphantly borne, without the dightett 
mark or wound to tdl tiie tale. 
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tSolid coffer dams, built of timber, and raised four feet 
above summer water, with the upper ends sloped off for 
ioe-breakers, were put in for piers 3, 4, 5 and 6, on the 
Point St. Charles end of the bridge ; the ktter two by 
Brown & Wat8on,builders belonging to Montreal. These gen- 
tlemen succeeded in removing about 3000 tons of bouldera, 
sand, and n^ud from the foundation of No. 5 pier, and in 
getting the masonry up to summer water by the end of the 
season^ No. 6 dam was likewise pumped dry, but tke 
time did not admit of any masonry being commenced. 

The greatest difficulties were encountered in the founda- 
tion of No. 3, from the peculiar formation of the bed ef 
the river occupied by the dam. At one end there was a 
depth of four feet, and at the other nine feet of hard-pan, 
boulders and quick-sand, to be removed before coming to 
the rock. The consequence was frequent " breaks '' of the 
water, causing a stoppage of the excavation, and rendered 
it necessary to postpone its completion to another year ; 
this pier proved the most troublesome of the 24. No. 4 
dam was pumped out, but with the remaining three stood 
over for the next season. A third floating coffer dam wa^ 
prepared and in readiness for No. 7 pier the following 
year. 

On the south side of the river, some progress was made ; 
and in connection with it we have now more particularly 
to mention the name of Benjamin Chaffey, to whom Mr. 
Hodges had given a contract for the erection of the south 
abutment, and two neighbouring piers. This gentlemMi 
bad long previously been engaged on the public works of 
Canada, as a contractor, during which time he acquired 
the reputation of being a most akilfrd mechanic, and, what 
was of still greater consequence, won universal oonfidenoe 
and esteem, for ihe probity which always oharaoteri|Bed his 
dealings with others, rendering him emphatically " the 
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noblest work of God/' and who, during the whole ooarae of 
his*extensiye connection with the works of the Victoria 
Bridge, added, if such a thing were possible, to the pre- 
vious high character sustained, and, by the ingenuity and 
skill he brought to bear in the erection of nearly one half 
of the masonry, coffisr dams, and tube staging, of the entire 
bridge, contributed most essentially to its successful com- 
pletion, at the same time acquiring the unqualified con- 
fidence and esteem of both Mr. Hodges and Mr. Ross, as 
well as the admiration of all who witnessed the ingenious 
machinery he invented to aid in the prosecution of his 
work. 

On receiving this contract, his attention was first di- 
rected to the source whence the stones were to be 
flimished, and, after extensive research, decided on the 
Lake Champlain quarry to which allusion has been made. 
This quarry had been worked for some years previously, 
but principally for common building purposes, when a 
stone of one ton in weight was considered a maximum, 
with the machinery, for working it on a corresponding 
scale. A leap from one ton to 20 tons, involved serious 
consideration to the appliances at the time existing in the 
quarry. Mr. Chaffey was therefore under the necessity of 
inaugurating a new system before closing with the proprie- 
tors for the requisite supply of stones, and in the course 
of a few days put them in a position by which they were 
enabled, by the use of his remarkable contrivances with the 
aid of a horse, or two men, to lift and transport blocks of 
20 tons, with greater facility than before they were able, 
with double that force, to move a single ton. This being 
accomplished, his attention was directed to the require- 
ments existing at St. Johns and St. Lambert. At the 
former place it was only necessary to remove the stones 
from the boats to the cars; but at the latter place other 
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considerationB were involTed : a stock of material amonnt- 
iDg to at least 10,000 tons, was to be accumulated and 
placed in such position in the stone-field, prior to the com- 
mencement of the masonry, as to admit of each distinct 
course being kept separate, and readily accessible when 
required. To effect this a steam traveller 66 feet in length, 
placed on a ghanty-frame raised 20 feet from the ground, 
and extending about 600 feet in length, was constructed. 
The boiler and engine were attached to the " Jennie,*' and 
traversed laterally along the traveller, being provided at the 
same time with gearing to admit of a motion being com- 
municated to the traveller, driving it from one end of the 
staging to the other. With this machinery, worked by one 
intelligent boy, a train of cars loaded with the heaviest 
blocks of stone, could be moved on the railway track, on. 
derneath, backwards, and forwards, as required, and the 
stones taken up and deposited together, according to the 
courses they were intended for. We have frequently seen 
this extraordinary automaton at work, with three of its 
six distinct movements in motion at one time. Thus, a 
ponderous block of limestone weighing perhaps eight tons, 
would be taken from a car, and while in the process of 
being elevated to the height necessary for placing it on the 
top of a pile, some distance farther on, and at the side of 
the field, the lateral motion was carrying it sideways and the 
whole machine moving in the direction of the pile at the 
rate of four miles an hour ; which point reached and the 
stone safely deposited, the three motions were instantane- 
ously reversed, and the traveller brought back to the oar 
for a second load, to be conveyed perhaps this time in an 
entirely different direction. A greater or more efficient 
labour-saving machine for work of this description, waa 
probably never invented, and reflects the highest d^ee of 
credit on its projector, and his able assistant, Mr. Wood- 
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ibrd, althoQ^ but one of the many ingeniouB applications of 
power made by those gentlemen, as has already been seen. 

In the prosecution of his contract this season, Mr. Chaffsy 
sacceeded in constmcting the coffer dam for ihe south abut- 
ment, and producing the masonry to a length of 3 feet 
above summer water. A much greater deposit of sand, 
gravel, and large boulders, had to be cleared out before 
reaching the rook, amounting to 8 feet in depth, more than 
was anticipated from previous examinations and soundings. 

The coffer dam being at a distance of about 800 feet 
firom the shore, a tramway supported on wooden cribs was 
built, on which a track connecting with the stone-field and 
Ohamplain Railway was laid, and the cars brought down 
to the abutment. This had all to be taken up before the 
close of navigation, to prevent the ice carrying it away, and 
to be in readiness for next summer's operations. 

The head of the ooffar dam for No. 24 pier was put in 
place, provided with a sloped ice-breaker, and this closed 
the season's operations on the river. 



CHAPTER XIX. 

PBOORESS MADS, 1856. 

The spring of 1856 opened with brighter prospects, 
and a vastly increased amount of work was the result. 

After the closing of the riyer in the winter of 1855 
and 1856, and on the weather becoming more moderate, 
Mr. Hodges instituted a complete examination of the 
bed of the riyer, with a yiew to become thoroughly ao- 
quMnted with its conformation on the sites to be occupied 
by the remaining coffer dams. Soundings were taken 
accurately at distances of about 25 feet and extended 
seyeral hundred feet from each centre line of the piers. 
He was then in a position to frame the bottom of the dams 
to suit the irregularities of the bed of the riyer. 

During the following season, in the spring, the water 
again rose to an extraordinary height, and succeeded in 
forcing its way oyer the end of the north embankment, 
although raised to a height of twenty feet the year before. 
A fsw moments more would haye resulted in its entire de- 
struction ; but owing to the quantities of stone, earth and 
timber thrown into thie gap, the wash was held in check, 
and, the water subsiding a few inches, resulted in its pre- 
seryation. A few days i^r the complete subsidence 
of the riyer, the coffer dams of the preyious year were found 
intact, but with many of the upper timbers ground down 
half their thickness, by the abrasion of the ice floating 
oyer. Operations on an energetic and extensiye scale were 
at once commenced ; the north abutanent, with its nume- 
rous trayellers, started, as well as the day-trains for raisii^ 
tiie embankment. 
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A determined battle now ensned between Mr. Hodgea 
and the almost unconquerable No. 3 dam, but resulted 
eventually in a complete Tictory, afler a desperate struggle. 
No. 4 was likewise subdued and completed. Messrs. Brown 
& Watson prosecuted Nos. 5 and 6 with such vigour aa 
enabled them to finish the masonry, and have everything 
cleared away before the close of navigation. 

The large floating coffer dam built the previous season was 
launched in the spring, towed out to No. 7, sunk in phice 
and proved an entire success, enabling the pier to be built 
in deeper water, and in far less time than any previous 
one. After tho completion of the pier, the dam was towed 
to BoucherviUe and placed in winter quarters, to be in 
readiness for the second pier. The abutment and the em- 
bankment were not quite completed, but raised far above 
any danger from ice in winter. 

On the south side of the river, Mr. Chaffey's work had 
by the end of the summer loomed up into view. 

In the early part of the season, the tramway leading 
firom the shore to the abutment, had been replaced and 
continued out to the second pier or No. 23 ; the staging 
from the abutment was put up, with the necessary tra- 
vellers, and the masonry of the structure vigorously urged 
on. By an ingenious and effective method, the hoisting 
was accomplished by steam. A shaft running along the top 
of the staging, the entire length of the abutment, was 
driven by an engine on the coffer dam, giving motion to 
the hoisting-drum of each *^ Jennie" and elevating the 
stones in a tenth part of the time required by manual la- 
bour. When the stone arrived at the proper height, the 
'' Jennie '' was detached from the motive power and tra- 
velled to the place required for setting the stone. By this 
simple contrivance Mr. Chaffey was enabled to complete the 
abutment in a far shorter time, than would otherwise have 
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been required, at amuch lesscoet, and forms the first instance 
on the work of the application of steam in building the 
masonry. 

Coffer dams of 6rib-work were put in for piers 24 and 
23 and the masoniy entirely completed. The first was built 
with two compound derricks, worked by horse power, and 
the last by the ordinary traveller with a ''steam hoist.'' 
The cutting and setting of the masonry thus far was per- 
formed by the Messrs. Read of St. Catharines, to whom 
Mr. Chaffey had given the sub-contract ; the cribbing by 
Mr. David Irvin. The taking up of the tramway concluded 
the season's operations. 

The amount of work performed this year was most sa- 
tisfactory, and attended with no mishap. 



CHAPTER XX. 

PBOGRBSS MADE, 1857. 

The work on the river commenoed this spring on the 
level of the water permitting. Solid crib-dams were put 
in for piers No. 8 and 9, by Mr. Normand, sab-contractor^ 
and the floating-dam towed np from Bonoherville and 
sunk in place for pier No. 18. This position, being about 
1300 feet from the nearest built pier, was determined tri- 
gonometrically from the south shore. The chain attached to 
the iron anchors driven into the bed of the river, were 
fished up and the correct position verified. Somewhat 
greater difficulty was encountered with this pier, than its 
mate No. 7, on account of the greatly increased depth of 
hard-pan, and boulders lying over the rock. These troubles 
were easily surmounted, and enabled the masonry of the 
pier to be completed early in the season, when the coffer- 
dam was taken back to winter quarters for the next year's 
operations. 

In pumping out No. 8 and No. 9, it was found an 
almost impossible task to reach the bed of the river. An 
enormous quantity of boidder-stones formed the deposits, on 
which the upper ends of the dams rested, rendering it 
next to impossible to cut off the connection between the 
inside and outside by sheet-filling and puddle. The con- 
sequence was, that with all the pumping power possible to 
be applied, very little headway could be gained against the 
seive-like interstices of the boulders. Dogged perseverance 
in pumping and pile-driving at last enabled Mr. Hodges 
to see the bottom of No. 9, and after removing an immense 
quantity of material above the rook^ notwithstanding 
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0eyeral '' breaks in " of water, and consequent delays before 
being resumed, he had the satisfaction of seeing this pier 
rising its head nine feet above the water, when the time 
came in December for abandoning it. No. 8 was if any 
thing still worse than its neighbour just alluded to, and 
yielded but a brief glance of the terrible work in store for 
next year, furnishing anything but agreeable thoughts for 
the mind to dwell on during the long winter months which 
must intervene before it would again reappear in view 
from beneath the cold ice waters of the St. Lawrence. 
The masonry of the north abutment was completed, and 
tube No. 1 built in place, forming the first link in the iron 
chain for connecting the two shores. The contract for the 
tube-work of the entire bridge was given to Mr. James 
Hodkinson. 

Mr. Hodkinson, up to this period, had been in the em- 
ployment of Mr. Hodges, superintending the construction 
of the ironwork for the entire rolling stock built by him for 
the Grand Trunk Railway, and was essentially an '^ iron 
man." Many locomotives had been fitted up by him, 
as well as the splendid machine shops for the Grand Trunk 
at Point St. Charles. A better man therefore, as being 
thoroughly conversant with iron work in all its details, 
could scarcely have been chosen for this important and ex- 
tensive contract, which he prosecuted in a manner never 
before excelled, either for speed or quality of work. 13 
tubes, including the large one, amounting in all to about 
3474 lineal feet, in one year, more especially as much of 
the time was lost from not having scaffolds in readiness, 
stamps the wisdom displayed by Mr. Hodges in the selec- 
tion of this gentleman for the performance of the work, 
although no doubt greatly indebted to his intelligent and 
energetic assistants, Messrs. Ratcliffe and Colton. 

The north embankment was also nearly completed. 
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From the suooessful manner in which Mr. Ghafiey 
executed his former contract, Mr. Hodges extended it to 
four additional piers, a winter scaffold for tube No. 25, 
and a portion of the south embankment, all to be com- 
pleted during the season. To do so it was neccessaiy again 
to extend the tramroad from the shore to pier No. 19, a 
distance of about 2400 feet in water ranging from 3 to 9 
feet in depth, with a current of 6 miles an hour. This con- 
nection with the shore enabled the material to be brought 
to each pier by means of cars, as the shoals existing in the 
neighbourhood rendered it impossible to bring steamers 
or barges to the place. 

The four coffer dams of crib-work were commenced as 
soon as the points were reached by the tramway, and com- 
pleted in time to allow the masonry to be finished in the 
early part of December. The contract for all this crib- 
work was sublet to Mr. David Irvin, and the cutting and 
setting of the masonry to Mr. Raphael Dufort, a builder 
belonging to Montreal, both of whom carried on their work 
in a very energetic and satbfactory manner. 

The great irregularities existing in the bottom of the 
river were never more evident than in the foundation 
of No. 19 pier. At the upper end there was a depth of 
12 feet of hardpan, so compact as to return a vertical 
face for that height, while at the foot of the pier, about 
90 feet distant, the material changed to mud and stones, 
with only a depth of 2 feet to the same level of rock. 
The four piers were erected by the two compound der- 
ricks, each building two piers, during the few weeks be- 
tween the completion of the coffer dams and the close of na- 
vigation, an achievement not surpassed on the bridge pre- 
viously nor afterwards. They were driven during the com- 
mencement by horses, and subsequently by the pumping 
engine, proving as effective on the river as their coad- 
jutor the steam traveller on the land. 
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A winter wooden scaffold, snffioientlj strong to resist 
tlie force of the ice, was erected for No. 25 tnbe, and the 
embankment carried out ^m the shore to the abutment^ 
to a height of 16 feet above summer level. 

The season by this time had so £su: advanced as to ren- 
der it impossible to save the whole of the tramway; a 
matter of no great consequence, not being again required, 
as the water beyond No. 19 was of sufficient depth for 
navigable purposes. Every thing of importance on both 
sides of the river, having been removed to land, a few hours 
after witnessed the ice in interminable fields sweeping over 
the late busy scenes of energetic and well-directed labour. 



CHAPTEK XXI. 

PB0GRES8 MADE, 1858. 

The winter scaffold between the sonih abutment and 
No. 24 pier being completed in the early part of January, 
tube No. 25 was conmienced, and finished the day pre- 
vious to the spring shove. This scaffold was the first wooden 
structure exposed to the full force of the ice and stood the 
test remarkably well. 

A different system fi>r constructing the coffer dams was 
resolved on, from the circumstance of so much of the 
summer being over before they were in readiness for the 
masonry, as well as the great strength of the current, in 
the centre of the river, where they were now required. 
Mr. Hodges determined on tdnking the cribs forming the 
upper ends of the dams, through the ice, and building 
them sufficiently high to be above summer water in spring. 
Mr. Chaffey was accordingly instructed to proceed with 
those for piers 14, 15 and 16, and Mr. John 0. Hodges, 
to whom the contract had been given, with the ones for 
piers 12 and 13, on each side of the main channel. The 
two gentlemen at once commenced building the cribs in 
the strongest possible manner, and sinking them in place. 
They were generally 92 feet in length by 30 feet in width, 
with an average height of 18 feet. Six feet of the upper 
angle were taken off with a slope of 1 to 1, and planked 
over to furnish an ice-breaker. Each crib had about 9 feet 
in depth of field stones, with numerous hard-wood piles shod 
with iron driven down between the cross ties into the 
bed of the river. The upper surface of those cribs would 
be about 15 feet under the level of the water in the spring 
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during the shove of the ice, and abundantly strong, it 
was thought, to resist any amount of impact from sub- 
merged ice. A most important step waa thus taken 
towards the subsequent progress of the work on the de- 
parture of the ice, and with it a point d'ajppui for the 
commencement of operations in still water, when spring 
would come. A few days however served to dispel those 
fond anticipations of progress made, and realizing the 
words of the poet, — 

" The best laid schemes of mice and men gang aft' aglee.'' 

The terrific movement had commenced, with nothing visi- 
ble but millions upon millions of tons of ice crushing past 
the sentinel-like piers, with their giant heads far above, re- 
lieved occasionally by a large stick of timber, wand like, 
hurled into the air, as the only evidence of the presence of 
the large and supposed immovable cribs known to ejoBi 
underneath this awful commotion. 

On the subsidence of the water, some of the cribs were 
found three hundred feet down the river from the places 
where they were sunk, while others were from 30 to 100 
feet, occupying the sites of the masonry, and presenting a 
truly pitiable condition. 

Instead of a step in the right direction, it turned out to 
be the reverse, as not much progress could be made until 
these obstructions were removed. This operation, owing to 
the difficulty of getting the stones out of them, by divers 
and otherwise, occupied the greater part of the summer. 
A second step taken by Mr. Hodges, during the winter, 
produced the most satisfactory and beneficial results. Four 
pontoons, 160 feet long, 20 feet wide, and 10 feet deep, 
were built for the sides of the dams belonging to piers 12 
and 13, and which so expedited the work, notwithstanding 
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the late oasnally, as to admit of both mammoth piers 
being completed, as well as No. 10 pier, with an ordinary 
oofier dam. The winter scaffold for thelaige span was also 
well advanced. 

In conducting this vast amount of work to so saooessftd 
a termination, in the face of all those difficulties and dis- 
couragements, being the largest piers, in the deepest water 
and strongest current^ in the centre of the raft channel, 
and with a treacherous quicksand foundation for some of 
the dams, Mr. John 0. Hodges performed a larger amount 
of work under those peculiar circumstances, than was ever 
before accomplished on the bridge, or probably in the 
world. 

Pier No. 9, left from previous year, was finished, and 
the struggle resumed with No. 8 and waged with un- 
daunted vigour on both sides, ending however in favour of 
Mr. Hodges. The now venerable and somewhat shaky old 
floating coffer dam, was once more towed up from Bou- 
cherville, and sunk for No. 17 pier, exhibiting in its old 
age the same virtues which chartkctetized its youth, in 
building its third pier in less time than any of the re- 
maining 23. 

Mr. Chaffey succeeded, after removing the obstructive 
cribs, in completing the three coffer dams, the whole of the 
masonry belonging to pier 16, and in bringing that of 15 
and 14 some distance above the water. During the season 
he also erected five summer scaffolds and the crib for a 
winter one. Three summer scaffolds were also put up by 
Mr. Walter Wardle, on the north side, two by Mr. Hodges 
as well as a winter one, and the crib for a second one 
sunk. These summer scaffolds, on both sides of the river, 
were also taken down after the tubes were built, and con- 
veyed to the shore. 
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Mr. Hodkinson was enabled to put up eleven tabes on 
the scaffolds so constructed. 

This year, opening with disaster closed with the most 
triumphant success, 7 piers were built and two brought 
out of danger ; 11 tubes were e(nnplet6d by Mr. Hodkinson, 
and as many scaffolds put up and taken down, with four 
winter ones well on to completion ; the embankment lead- 
ing to the south abutment, was brought nearly to its ulti- 
mate height, and therefore out of danger; everything 
auguring favourably for the entire completion in the year 
1859. 



CHAPTER XXII. 

PBOGRESS MADE, 1859. 

The last year of oonstmotion had now arrived, and with 
its close is destined to be memorable in the annals of 
time, as having furnished this triumphant result of the 
labour of man, for the admiration of all generations to 
oome. A year in the time of completion had been cur- 
tailed for a ** consideration," f^r from equivalent to the in- 
creased cost, resulting in the additional exertions requisite 
for bringing it to pass ; the dark hours of night had to be 
appropriated for work otherwise requiring the bright sun 
light of day ; many additional men were required for forc- 
ing the work forward at this railway speed, and under 
such circumstances greatly enhanced the cost. The con- 
tract sum was swallowed up, together with the bonus; 
large drafts on the private resources of the gentlemen 
composing the firm, were required to bring the thing to 
pass. But they were men who faltered not ; the country 
required the use of the bridge by the close of 1859, and 
was not disappointed. 

At the close of the year 1858, we stated, everything 
augured favourably for the next season's completion. A 
vast amount of work had, however, to be accomplished, 
and any unforseen mishap or accident might operate seri- 
ously against it. 13 tubes, including the large one, many 
of them still in England, had to be erected, with all the 
scaffolds, which were now rendered a difficult and hazard- 
ous undertaking by reason of the almost mill-race current 
in 20 feet of water, and the extraordinary strength requir- 
ed to guard against danger of rafts, when occasionally as 
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many as throe would be hurled up against one scaffold at 
the same time. 

Pier No. 11 was to be built entire, and two others com- 
pleted ; the parapet walls of both abutments were to be 
put up and the permanent way through the tubes, and the 
roof constructed; the embankments finished and protect- 
ed with stone rip rap wall. All the old crib coffer dams 
were to be torn up and destroyed, a work in itself nearly 
as troublesome as in the first place putting them in. All 
these and many other works were to be completed before 
the end of the season. 

Mr. Hodges, nothing daunted, set himself about the 
accomplishment of this difficult task, strong in the faith 
that if the thing were possible for any men in the world, 
those he had surrounding him were the ones to do it. In 
the programme issued, Mr. Chaffey was to complete his 
two piers, build the parapet walls of the south abutment, 
and the six remaining scaffolds to the centre, complete the 
protection of the south embankment, and remove all coffer 
dams, scaffolds, and other obstructions in the river between 
the south shore and No. 13 pier. 

Mr. John 0. Hodges was to open the ball with the com- 
pletion of the enormous scaffold for the large tube, and the 
erection of the coffer dam for No. 11, together with the 
pier; Mr. Hodkinson to have his attention fully occu- 
pied with the 13 tubes yet remaining to be built. While, 
in addition to the general planning, directing, superintend- 
ing the entire work given those gentlemen to execute, Mr. 
Hodges himself was to undertake the erection of the six 
scaffolds between the'north shore and pier No. 12 and the 
parapet walls of the north abutment ; the removal of all 
scaffolds, coffer dams ; the construction of the permanent 
way through the entire length of the bridge, as well as the 
roof and painting ; the protection by rip rap wall of the 
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north api»roaohy and many works of lees magnitude^ bat 
equally important and necessary for the successfiil opening 
of the bridge. We do not propose enlarging upon this sea- 
son's operations to any further extent than to say, that it was 
owing to the indomitable energy displayed by Mr. Hodges, 
as well as to the equally energetie sub-oontraotors engaged 
in the work, that the public are indebted for the carrying 
out of the programme. 

By the 15th day of November the entire work had so 
far advanced as to admit of the small shunting engine in 
use on the bridge, crossing over to St. Lambert, convey- 
ing Mr. Hodges and a part of his staff, being the first in- 
stance east of the Niagara Falls of a locomotive driving 
itself across the St. Lawrence. 

During the afternoon of the same day, Mr. Blaokwell, 
Vice-President of the Grand Trunk Railway, with a party 
of friends, passed over en route for England, in a car drawn 
by the same en^ne. 

The state of the work at the time not admitting of gene- 
ral traffic, the bridge was closed to the public, and the work 
yet remaining to be accomplished, vigorously urged on, 
night and day, until the evening of the 12th December, 
when the first freight train to Portland passed over. 

The week following 292 cars, heavily laden with freight^ 
made the transit, also during the night, as in the course of 
the day the track was required by the contractors. 



CHAPTER XXIII. 



TE8T OF TUBES. 



On the 15th of December, preparations were completed 
for a final test of the strength of the tubes ; singularly 
enough at the same time, with the close of navigation, 
when vast fields of ice, under nature's superintendence, 
were hurling their solid masses against the masonry of the 
piers and testing their efficiency and strength by over one 
million tons a minute. Any force or weight man could 
bring into comparison with this, would be puny in the 
extreme. 

Yet notwithstanding the inability of competing with 
nature^s test, a load had been obtained such as seldom be- 
fore was seen for a like purpose. A train of platform cars 
520 feet in length, extending over two tubes, was loaded, 
almost to the breaking limit of the cars, with large blocks 
of stones, and in readiness for the experiment. 

Prior to this a steel wire was extended the entire length 
of the tubes for the purpose of measuring the deflection, 
and strained by heavy weights as tightly as possible over 
pulleys at every bearing of the tube. This wire formed 
the datum from which all movements were to be measured 
on slips of card attached to vertical staves at various 
pointo along the tubes. 

During the two days occupied with the test the public 
were rigorously excluded, none being admitted by Mr. 
Hodges to witness the experiment but Mr. Reefer, Deputy 
Commissioner of Public Works, Canada, the engineers 
belonging to his staflF, with Mr. Robs, and the two engi- 
neers from England. At each slip of paper one of his 

q2 



160 ▲ OLANOS AT THB 

assbtanto was placed and provided with a lamp and a pen- 
cil by which to make the necessary marks. 

The loaded train was then iekdu hold of by two of the 
most powerful engines belonging to the Grand Trunk and, 
with extreme difficulty from the great weight, brought into 
the first two tubes, beyond which all their united efforts 
fidled to draw it. A third engine having been obtained, the 
three were barely able to force the load along to the centre 
of the bridge; when night coming on, the teet of the 
remaining portion of the bridge was deferred until the 
fijlowing day. 

Early next morning, the interesting eocperiment was re- 
sumed, and concluded during the day. 

In giving the result of the fearful ordeal to which the 
tubes were subjected, we will only note the deflection on a 
pair of the side tubes, the others being similar, and the 
oentral one. 

When the train covered the first tube, the deflection in 

the centre amounted to -^ of an inch, and the adjoining one, 

to which it was coupled, was lifted in the middle f of an 

inch. The load then being placed over both tubes, the 

deflection was the same in each, or f of an inch in the 

middle ; and on being entirely removed, both tubes resumed 

their ori^nal level. 

The large centre ^pan, entirely disconnected firom the 

other tubea, on being covered with the load throughout its 

enti^re length, deflected in the centre only 1{ inches, ai^d; 

came back to its previous level on the load being removed. 

All these results were considered highly satis&etory, as 
b^ng considerably within the calculated d^ection fbrsuch 
a load acQ<Mrding to formuks well known and generally made 
use of. 

Nothing exemplified more strongly the eonfidenoe Kkt 
by Mr. Hodges in the strength of the work, thai) the sevew 
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test to wliich he exposed it The writer well remembera 
the " peculiar feelings " he experienced when standing at 
the marking-post assigned him, surronnded at the same time 
by an Egyptian darkness, dense enough to be felt, arising 
from the condensed steam and the smoke of the engine, 
and totally obscuring the light of a glass lamp two feet dis- 
tant. To thus stand closely pressed up against the side of 
the tube, with eyes and lamp brought within a few inches 
of the datum-line intently watching its movements, and 
leaving but sufficient room for the slipping, groaning, 
puffing but invisible engines and their heavily loaded cars 
to pass, with but a quarter of an inch of boiler-plate be- 
tween time and eternity ; or when mentally reasoned back 
to safety and security, and while listening, during the 
stoppage of the train, to the surging, cracking, crashing 
ice far below, as it swept past, to have those feelings of 
personal security dissipated in a moment by the thought 
of an over-loaded car breaking down and burying the 
deflection-observer beneath its weight, was surely reason 
enough for the existence of the *' peculiar feelings" al- 
luded to. 



CHAPTER XXIV. 



CONCLUSION. 



On Saturday, the 17th day of December, invitations were 
issued by Mr. Hodges to a large number of the citizens of 
Montreal to attend an informal opening of the bridge for 
general traffic, to which about one thousand ladies and gen- 
tlemen responded. 

The excursion train containing this great number of 
people, was drawn by two engines and occupied 7 J minutes 
in passing through the tubes ; high speed under the cir- 
cumstances not being necessary. Afler proceeding six or 
seyen miles down the line, the train returned, and, on emerg- 
ing fix)m the bridge on the Montreal end, the excursionists 
left the oars and partook of a champagne dejeuner on the 
north abutment, provided by the host ] when the usual 
amount of speechifying took place. 

On the following Monday the bridge was handed over to 
the Company, and has ever since been in use. 

We have now completed a very imperfect sketch of this 
great undertaking, from the time the project was first 
launched into exbtence, by the Hon. John Young, up to 
the period when the embodiment of the idea in stone and 
iron enabled a thousand souls to be wafted with the speed 
of the wind across the great river, high above its conflicting 
and angry elements, at a time also when all communioa. 
tion for flight purposes with the south side of the river 
was interrupted, and even for passengers to cross in canoes 
during the day was a work of danger and extreme suffering 
from exposure and cold, when, by the means now in use, 
during the silent watches of tl.e night when the citizens of 
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Montreal were buried in repoee, thousands of tons of frei^t 
glided swiftly and silently over the running ice, and, by 
the great connecting link brought into use, caused a pul- 
sation to be felt in all the veins and arteries of commerce 
throughout the land. 

In speaking of its future success, who can estimate it, 
being intimately connected with the prosperity of Canada I 
We have endeavoured to sketch this, in dwelling on the 
country's rapid progress in material wealth, during the past 
few years, and may well form sanguine anticipations of its 
future ; indeed, but few minds are capable of estimating the 
enormous increase of population and wealth yet to be in 
our Western World, when Canada will extend to the con- 
fines of the Pacific Ocean and be covered with a network of 
raUways all converging to thb point of crossing the St 
Lawrence. Then, and not till then, must be left — to the yet 
unborn millions, — the rendering of the verdict as to the full 
measure of success which will attend the Victoria Bridge. 

A few months more and the Prince of Wales will behold 
for the first time, our noble Province, the brightest jewel 
in his future diadem ; and as he gazes on the wondrous 
structure which is destined to carry the name of his 
revered parent and sovereign down to the latest time, 
may we not anticipate a thrill of pride and joy in the 
contemplation of the splendid ^ture yet in store for his 
Western Empire ; and will not thousands unite with him 
in wishing God-speed to the march of this young Northern 
Giant in the van of enterprise, liberty and happiness on 
the western continent, emulating the noble example of ita 
mother in the eastern world I 



